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1.0 INTRODUCTION 

During the week of February 8, 1988, Entropy Environmentalists, Inc. 

(Entropy}, under contract to the U.S. Environmental Protection Agency {EPA}, 

Emission Measurement Branch, conducted an emission testing program on one of 

two municipal waste combustor (MWC) units at Wheelabrator Environmental 

Systems' Resource Recovery Facility {Wheelabrator Millbury, Inc.) in Millbury, 

Massachusetts. This emission testing program was conducted in conjunction with 

an industry-funded compliance testing program sponsored by Wheelabrator 

Environmental Systems and Rust International. The compliance testing program 

was also conducted by Entropy. 

Under contract to the EPA, Entropy conducted dioxin/furan testing at the 

inlet to the control equipment and ash and lime slurry sampling. Both were 

conducted concurrently with the dioxin/furan testing conducted at the outlet to 

the control equipment for the compliance testing program. 

1.1 BACKGROUND 

The U. S. Environmental Protection Agency published an advance notice of 

proposed rulemaking for municipal waste combustors in the Federal Register on 

July 7, 1987. The Agency will develop emission standards for new and modified 

municipal waste combustors {MWC) under Section 111{b) of the Clean Air Act and 

issue emission guidelines for existing MWC under Section 111(d) of the Act. 

The Federal Register notice was the culmination of 18 months of work which 

resulted in the development of the technical and health related documents which 

comprise EPA's Report to Congress on MWC. The Report to Congress was a joint 

effort involving the Offices of Air Quality Planning and Standards (OAQPS), 

Solid Waste (OSW), and Research and Development (ORD), and provided the 

technical basis behind the Agency decision to regulate MWC. 

The Office of Air Quality Planning and Standards, through its Industrial 

Studies Branch {ISB} of the Emission Standards Division {ESD), and the Emission 

Measurement Branch (EMB} of the Technical Support Division (TSD}, is 

responsible for reviewing the existing air emission data base on MWC and 

gathering additional data where necessary to support regulations development 

for MWC, particularly regarding emerging air pollution control technologies. 

As a result, several MWC emission tests have been performed and several more 

are in the planning stages to support the current standards development work. 
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The emissions being studied in this overall assessment of MWC are the 
criteria pollutants-- particulate matter (PM), sulfur dioxides (S02), nitrogen 
oxides (NO}, carbon monoxide (CO), and total hydrocarbons (THC); acid gases, X 

such as hydrogen chloride (HCl); chlorinated organics, including chlorinated 
dibenzo-p-dioxins (CDD}, chlorinated dibenzofurans (CDF), and dioxin and furan 
precursors; and specific metals, including arsenic (As), cadmium (Cd}, total 
chromium (Cr), mercury (Hg), nickel (Ni}, and lead (Pb). For this test 
program, dioxins/furans were the pollutants of interest. 

1.2 PURPOSE AND OBJECTIVES OF TEST PROGRAM 

Wheelabrator Environmental Systems, Inc. (WES) is one of the principal 
suppliers of mass burn combustor technology in the United States. The Millbury 
facility employs typical WES combustor technology consisting of a Von Roll 
grate system and Babcock & Wilcox boiler. The flue gas emissions are 
controlled by a spray dryer/electrostatic precipitator (SD/ESP) system, which 
is the first such application of this control device on an MWC in North 
America. 

On June 26, 1987, the OAQPS issued operational guidance to the EPA Regions 
stating that good combustion and a spray dryer followed by an efficient 
particulate collector shall be considered BACT for new and modified MWC during 
PSD/NSR permitting activities. The EPA currently has no data to characterize 
the performance of an SD/ESP on MWC emissions and sponsored this test program 
to gather data to support the development of Federal emission standards for 
MWC. 

The specific objectives of the Millbury test program were: 

1. To determine the control efficiency of a spray dryer/electrostatic 
precipitator (SD/ESP} on mass-burn MWC dioxin/furan (CDD/CDF) 
emissions under normal facility operating conditions. 

2. To obtain plant operating and plant continuous emission monitoring 
(CEM) data for CO, o2 , so

2 , and NO for the periods of emission 
testing conducted to meet Objectivg No. 1. 

To accomplish these objectives, Entropy performed manual sampling for 
CDD/CDF using modified Method 5 (MM5) and Method 3 (Orsat) measurements at 
the inlet to the spray dryer, while the Wheelabrator contractor (also 
Entropy) conducted simultaneous CDD/CDF at the outlet to the ESP for compli
ance testing purposes. Entropy collected ash samples from various collection 
points during the CDD/CDF testing which were analyzed for CDD/CDF, percent 
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carbon, and percent combustibles. Lime slurry samples were also collected 

and analyzed for CDD/CDF, percent solids, and specific gravity. 

Throughout the test period, Radian Corporation monitored and compiled the 

process and control system operating parameters plus the continuous emission 

monitoring data from all the plant monitors, which included CO, so
2

, 02 at 

the SD inlet and so2 , NOx' o2 , and opacity at the ESP outlet (see Chapter 

2.0). 

1.3 TEST PROGRAM ORGANIZATION 

The overall organizational scheme for the test program is shown in Figure 

1.1. Mr. Dan Bivins of EPA's Emission Measurement Branch served as EPA Task 

Manager for Entropy's part in the EPA test program. Mr. Chuck Masser was the 

on-site representative for EPA's Air and Energy Engineering Research 

Laboratory. 

Entropy's Task Manager for the EPA-sponsored work, Mr. Bill DeWees, was 

responsible for management of the inlet test crew, in addition to direct 

communication and liason with the EPA. Dr. Scott Steinsberger, Entropy's 

Quality Assurance Coordinator, was responsible for monitoring the day-to-day 

QAjQC problems. 

Mr. Bob Tekach of Wheelabrator Millbury, Inc. and Mr. Timothy Porter of 

Wheelabrator Environmental Systems served as the facility contacts. 

1.4 REPORTING OBJECTIVES AND FORMAT 

This report presents the results of the inlet CDD/CDF testing and process 

sample collection conducted by Entropy under contract to the U. S. EPA. A 

companion summary report compares these inlet data to the outlet CDD/CDF data 

generated for the compliance test program to assess the control efficiency of 
the SD/ESP system for these pollutants. 

This report is organized into several sections that address the various 

aspects of the testing program. Following the introduction is the "Facility 

Description and Operation During Testing Program" section prepared by Radian 

Corporation that describes the combustion and add-on pollution control 

equipment and presents the operating and CEM data recorded during the 

emissions testing program. Following this section is the "Summary of 

Results" section that includes tables summarizing the test conditions, the 

calculated CDD/CDF emission rates, the process sample CDD/CDF contents, and 

the analytical results. The next section, "Sampling Locations and Sampling 
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and Analytical Procedures" describes and illustrates the sampling locations for 

the emissions testing program and explains the sampling and analysis strategies 

used. The final section, "Quality Assurance/Quality Control," describes the 

procedures used to ensure the integrity of the sampling and analytical data. 

The Appendices to this report present the Test Results and Example Calculations 

(Appendix A); Field and Analytical Data(Appendix B); Sampling and Analytical 

Procedures (Appendix C); Calibration and Quality Assurance (Appendix D); Radian 

Process Data (Appendix E); and Test Participants and Observers (Appendix F); 

and Draft Final Audit Report prepared by Research Triangle Institute (Appendix 

G). 
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2.0 FACILITY DESCRIPTION AND OPERATION DURING TEST PROGRAM 

This section contains a description of the Millbury Resource Recovery 
Facility located in Millbury, Massachusetts. A discussion of the facility 
operation and a summary of the values of key operating parameters and 
emissions monitored during testing are also included in this section. 

2.1 FACILITY DESCRIPTION 

The Millbury facility was designed, constructed, and is operated by 
Wheelabrator Environmental Systems, Inc. The Millbury facility is a mass 
burn municipal waste combustion facility consisting of two identical 
combustor, boiler, and flue gas treatment systems that exhaust into one 
common stack. The process schematic is shown in Figure 2-1. 

Municipal solid waste (MSW) is charged to a Babcock and Wilcox waterwall . 
combustor and boiler unit that is equipped with a Von Roll reciprocating, 
inclined grate. Each combustor is designed to process 750 tons/day of MSW. 
The combustor flue gases pass up through the waterwall section of the 
combustor and then into superheater, generator, and economizer heat transfer 
passes. Each boiler is rated to produce 190,000 lb/hr of superheated steam 
at 825°F and 850 psia. The combined steam from the two units is supplied to 
a turbine/generator set which is rated at 40 megawatts. The electricity is 
sold to a utility grid. 

Each combustor is equipped with a spray dryer and electrostatic 
precipitator (ESP) emission control system to control acid gas and 
particulate emissions. The flue gas then exhausts to the atmosphere through 
a 365-foot reinforced concrete stack which is common to both units. 

2.1.1 Waste Separation 

The only waste preparation involves the removal of large pieces of metal 
prior to incineration. Hospital and radioactive wastes are not accepted at 
the facility. 

2.1.2 Combustion Air 

The forced-draft combustion air fans draw air from the tipping floor and 
enclosed receiving pit area. The slight negative pressure created in the 
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tipping floor area prevents the release of dust and odors. The primary air 
passes through a steam air heater prior to being directed to the undergrate 
air plenums. The secondary air is not heated and passes through a separate 
secondary air fan prior to entering the overfire air nozzle headers. 

2.1.3 Combustor and Boiler 

Each combustor/boiler unit was manufactured by Babcock and Wilcox. The 
combustor grate is a Von Roll reciprocating, inclined grate. The fuel from 
the feed chute is pushed onto the upper end of the grate by hydraulically 
operated ram feeders. The combustor/boiler unit is designed to ensure that 
the refuse is exposed to temperatures greater than 1,800°F for a residence 
time of at least 1 second. Auxiliary fuel (natural gas) is available at 34 
to 45 percent of combustor thermal capacity but is generally used only during 
startup and shutdown and is normally not needed to maintain steam load or 
minimum flue gas temperatures. 

The heat recovery system, in addition to the waterwalls in the 
combustion zone, includes superheater, generator, and economizer sections. 
The boiler is rated at 190,000 lb/hr of superheated steam at 825°F and 
850 psia (323 million Btu/hr maximum Btu output). At the exit of the 
economizer, the flue gas temperature is approximately 440°F. Each combustor 
is maintained under a negative draft by an induced-draft fan located just 
before the stack. 

2.1.4 Sprav Dryer and ESP 

The combustion gases exiting the combustor enter a spray dryer/ESP 
emission control system designed by Wheelabrator Air Pollution Control 
Systems. Slaked lime, along with metered dilution water for temperature 
control, is injected into the spray dryer vessel. The slurry water is 
evaporated by the hot flue gas and the acid gases react with the lime. In 
addition, particulate and excess lime serve as nucleation points for the 
adsorption and agglomeration of volatile organic compounds (VOC) and metals. 

The lime slurry feedrate is varied according to the outlet so2 
concentration. Dilution water is added to the lime slurry to reduce the flue 
gas temperature. The spray dryer outlet temperature is typically maintained 

pmw/048 
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at about 255°F. The simplified spray dryer process control system is 
illustrated in Figure 2-2. The system is designed for automatic control of 
the lime feed rate and the dilution water. The lime feed control loop is 
operated automatically to maintain the required so2 outlet concentration. 
Manual adjustments of the set point are made to control so2 excursions. 

The dry solids and flyash are then collected in a three-field ESP 
designed by Wheelabrator Air Pollution Control Systems. The ESP is cleaned 
according to various rapping cycle programs. The ESP rapping program used 
during this testing program was: 

I. The inlet gas distribution plates are rapped. Each of the three 
plates is rapped sequentially. 

2. The inlet field discharge electrodes for Fields 1, 2, and 3 are 
rapped sequentially. 

3. There is then a 3-minute pause in the cycle. 
4. The inlet field collection plates (Fields 1, 2, and 3) are rapped 

sequentially. 
5. There is then a 5-minute pause. 

The complete cycle requires II to 13 minutes and repeats continuously. 

2.1.5 Ash Handling 

The ash handling system removes ash from the grate discharges, 
superheater, generator and economizer tube banks, spray dryer, and ESP. The 
water-quenched bottom ash from the grates and the superheater, generator, and 
economizer ash are removed by vibrating conveyors to an enclosed ash handling 
area. ESP and spray dryer ash are drag-conveyed and mixed with the bottom 
ash mixture in the enclosed ash handling area. The combined ash is then 
screened to remove large materials and landfilled. Any oversize materials 
are separated and are landfilled. Ferrous materials are reclaimed and sold. 

2.2 SUMMARY OF OPERATION 

Five test runs were conducted on Unit 2 between February 8-10, 1988. 
During each test run, only municipal solid waste was fired. No plant 
operational problems were experienced during any of the test runs. Soot 
blowing did not occur during any of the test runs. 

pmw/048 
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2.3 SUMMARY OF OPERATING PARAMETERS DURING THE TEST PROGRAM 

This section summarizes the values of key operating parameters and 
emissions that were monitored during the test program. The purpose of 
evaluating these operating parameters is to determine if the combustor and 
control system were operating under similar conditions during each of the 
five test runs. 

The process operating parameters that were recorded at the Millbury 
facility are listed in Table 2-1. The locations of the various temperature, 
pressure, and flow sensors are presented in Figures 2-3 through 2-5. The 
digital data were recorded every ten minutes and the manual data were 
recorded every 30 minutes. Only 22 of the 40 digitally-recorded operating 
parameters could be automatically recorded due to the plant's computer 
configuration. The remaining parameters were keyed in manually from computer 
screen printouts and lag the digital data by one to three minutes. Opacity 
data were initially recorded manually until it was determined that the 
opacity meter reading was inaccurate. No further data were recorded and 
the data are not presented. The plant separately recorded concentration 
values for o2 at the economizer outlet and ESP outlet and for NOx at the ESP 
outlet based on 6-minute averages. The complete set of operating data 
recorded during the test program is included in Appendix G. 

The continuous emission monitors (CEM's) for so2, NOx, CO, and o2 were 
not certified by EPA at the time of the test program. Quality assurance 
measures (calibrations, bias checks, etc.) were not performed with the test 
program. Concentration data reported for these species are indicative of 
trends in operation, but are not necessarily the true concentrations. 

The average values for the operating parameters over the actual testing 
intervals are summarized in Table 2-2. The average values over the testing 
intervals for the 6-minute average data for o2 and NOx are presented in 
Table 2-3. On an average basis, the combustor operating conditions appear to 
have remained consistent for all five test runs. The only variation of 
interest would be the higher inlet so2 and CO concentrations for Run 3. 
Consequently, the lime slurry controller setting was the highest and the 
dilution water flow rate was the lowest for this run. Since the combustor 
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TABLE 2-1. PROCESS DATA RECORDED DIGITALLY AND MANUALLY DURING 
THE MILLBURY RESOURCE RECOVERY FACILITY TEST PROGRAM 

Digital Data: 

Trend Log 1 Trend Log 2 

1. Steam Flow (total steam to turbine)a 1. Combustor Draft 
2. Superheater Steam Temperatureb 2. Steam to Atmosphere 
3. Steam Pressureb 3. Boiler Feedwater Temperature 
4. Natural Gas Flow 4. Combustor Temperature 
5. Primary Air Flowe 5. Combustor Pressure 
6. Primary Air Temperatureb 6. Superheater Outlet Gas Temperature 
7. Primary Air Pressure 7. Superheater Outlet Gas Pressureb 
8. Secondary Air Flowe 8. Economizer Inlet Gas Temperature 
9. Secondary Air Pressure 9. Economizer Outlet Pressureb 

10. Oxygen 10. ID Fan Pressure 

Trend Log 3 Trend Log 4 

1. Spray Dryer Inlet Temperature 1. ESP Outlet Temperatureb 
2. Spray Dryer Outlet Temperature 2. Field 1 Secondary Voltage 
3. Lime Slurry Rate (%of controller)b 3. Field 2 Secondary Voltageb 
4. Dilution Water Flowb 4. Field 3 Secondary Voltageb 
5. Total Slurry Flow 
6. Inlet so2 Concentrationb 
7. Outlet so2 Concentration 
8. Percent S02 Removal 
9. CO Concentration 

Continued 
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TABLE 2-1 (CONCLUDED). PROCESS DATA RECORDED DIGITALLY AND MANUALLY DURING 
THE MILLBURY RESOURCE RECOVERY FACILITY TEST PROGRAM 

Manual Data: 

1. Opacity (6-minute intervals)d 

2. Soot blowing cycles (intermittent as required)e 

3. ESP rapping cycles (intermittent as required) 

4. ESP Primary Voltages/Amperages per field (30-min intervals) (AC) 

5. ESP Secondary Amperages per field (30-min intervals) (DC) 

6. ESP Spark Rate per field (30-min intervals) 

aChanged during the first run to total steam from Unit #2 only. 

bData manually entered from screen printouts. 

cReported as total air flow. 

dData not recorded. 

eSoot blowing did not occur during any of the tests. 
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N 
I ...... 

N 

Parameter 

Disital: 

Steam Flow 

Superheater Steam Temperature 

Steam Pressure 

Natural Gas Flow 

Total Air Flow 

Undergrate Air Temperature 

Primary Air Pressure 

Secondary Air Pressure 

Oxygen 

Combustor Draft 

Steam to Atmosphere 

Superheater Outlet Gas Temperature 

Superheater Outlet Gas Pressure 

Economizer Inlet Gas Temperature 

Spray Dryer Inlet Pressure 

Precipitator Outlet Pressure 

Spray Dryer Inlet Temperature 

Spray Dryer Outlet Temperature 

Lime Slurry Rate 

Dilution Water Flow 

Total Slurry Flow 

Inlet so
2 

Concentration 

Outlet S0
2 

Concentration 

so
2 

Removal 

CO Concentration 

ESP Outlet Temperature 

Field 1 Secondary Voltagea 

Field 2 Secondary Voltagea 

Field 3 Secondary Voltagea 
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TABLE 2-2. SUMMARY OF RESULTS, AVERAGE PROCESS DATA 

Units 

(K lb/hr) 

(oF) 

(psig) 

(Kscfh) 

(Kacfm) 

(oF) 

(ln. H
2
0) 

(in. H
2
0) 

(X) 

(in. H
2

0) 

(K lb/hr) 

(oF) 

(in. H
2

0) 

(oF) 

(in. H
2

0) 

(in. H
2

0) 

(oF) 

(oF) 

Run 1 

188.1 

825 

858 

0 

87.00 

149 

11.99 

25.87 

11.98 

-0.26 

0 

966 

-0.92 

688 

-2.19 

-4.00 

438 

255 

(X controller scale) 49.6 

(GPM) 

(GPM) 

(PPM) 

(PPM) 

(X) 

(PPM) 

(OF) 

(KV) 

(KV) 

(KV) 

20.9 

41.3 

107.8 

17.1 

86.0 

14.2 

254 

54.2 

53.9 

59.0 

Run 2 

188.0 

825 

858 

0 

91.25 

142 

12.19 

25.98 

12.40 

-0.24 

0 

959 

-0.93 

697 

-2.20 

-4.13 

441 

255 

51.2 

21.2 

43.0 

94.8 

17.8 

84.8 

14.6 

254 

53.7 

54.0 

58.8 

Continued 

Run 3 

187.7 

824 

858 

0 

83.63 

148 

12.08 

26.02 

11.52 

-0.28 

0 

975 

-0.95 

682 

-2.03 

-3.66 

432 

255 

61.4 

14.4 

38.8 

235.8 

44.6 

83.2 

43.0 

253 

57.1 

56.4 

59.1 

Run 4 

187.6 

825 

858 

0 

84.39 

149 

12.11 

25.94 

12.69 

-0.18 

0 

972 

-0.84 

690 

-2.09 

-3.74 

438 

253 

59.9 

16.7 

41.0 

214.9 

47.6 

78.7 

26.0 

252 

57.5 

55.0 

59.8 

Run 5 

187.7 

824 

858 

0 

80.39 

153 

12.12 

26.10 

10.76 

-0.20 

0 

984 

-0.84 

677 

-1.96 

-3.42 

430 

250 

50.6 

18.8 

38.9 

216.4 

42.0 

81.0 

26.6 

249 

55.0 

54.2 

59.4 

Average 

187.8 

825 

858 

0 

85.33 

148 

12.10 

25.98 

11.80 

-0.23 

0 

971 

-0.90 

689 

-2.09 

-3.79 

436 

254 

54.5 

18.4 

40.6 

173.9 

33.9 

82.7 

24.9 

252 

55.5 

54.7 

59.2 

Std. Dev. 

0.2 

0.6 

0 

0 

4.06 

4 

0.07 

0.09 

0.68 

0.04 

0 

9 

0.05 

8 

0.10 

0.28 

5 

2 

5.6 

2.9 

1.8 

(6) 

14.9 

2.9 

11.8 

2 

1.7 

1.0 

0.4 
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TABLE 2-2 (CONCLUDED). SUMMARY OF RESULTS, AVERAGE PROCESS DATA 

Parameter Units Run 1 

Manual: 

Field 1 Primary Voltage-AC (V) 307 

Field 2 Primary Voltage-AC (V) 333 

Field 3 Primary Voltage-AC (V) 370 

Field 1 Primary Current-AC (Amps) 110 

Field 2 Primary Current-AC (Amps) 171 

Field 3 Primary Current-AC (Amps) 167 

Field 1 Secondary Voltage 
a 

(KV) 44 

Field 2 Secondary Voltage 
a 

(KV) 44 

Field 3 Secondary Voltage 
a 

(KV) 49 

Field 1 Secondary Current-De (Amps) 0.62 

Field 2 Secondary Current-De (Amps) 1.03 

Field 3 Secondary Current-De (Amps) 1.04 

Field 1 Spark Rate (Sparks/Min x 10) 0 

Field 2 Spark Rate (Sparks/Min x 10) 0 

Field 3 Spark Rate (Sparks/Min x 10) 0 

aParameter measured at different time intervals on different readouts. 

pmw/048 
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Run 2 Run 3 Run 4 

305 329 322 

325 339 326 

373 370 374 

117 99 101 

175 163 173 

170 164 166 

44 49 47 

44 46 44 

50 49 49 

0.63 0.54 0.56 

1. 06 0.98 1. 04 

1.07 1.02 1.04 

0 1.00 0 

0 0 0 

0 0 0 

Run 5 Average Std. Dev. 

322 317 11 

330 331 6 

373 372 2 

115 108 8 

175 171 5 

170 167 3 

44 46 2 

45 45 0.9 

49 49 0.4 

0.59 0.59 0.04 

1.07 1. 04 0.04 

1.06 1.05 0.02 

0 0.2 0.5 

0 0 0 

0 0 0 
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Parameter 

Oxygen (Economizer Outlet) 

Oxygen (ESP Outlet) 

NO (ESP Outlet) 
X 

aData recorded as 6-minute averages. 
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Units 

(X) 

(X) 

(ppm) 

TABLE 2-3. SUMMARY OF DATA FOR 0
2 

AND NOxa 

RW1 1 RW1 2 RW1 3 

11.1 11.3 11.0 

11.7 11.9 11.3 

150.9 142.1 166.2 

RW1 4 RW1 5 Average Std. Dev. 

11.4 10.7 11.1 0.3 

11.7 11.2 11.6 0.3 

149.3 133.8 148.5 12.0 



operating conditions were consistent for all five runs, the higher so2 and CO 
concentrations are attributable to the variation in composition of the refuse 
fed to the combustor during the testing period. 

Plots of the 10-minute and 6-minute average data versus run time are 
presented in this section. The plots have been reduced in size in order to 
illustrate the relative values between the five runs. Full-size plots for 
each run are included in Appendix G if more detail is required by the reader. 
Each of the trend plots is discussed separately in the following sections. 

2.3.1 Steam Load, Oxygen, and Nitrogen Oxides 

Figure 2-6 presents steam flow, temperature, and pressure vs. run time 
for each of the five test runs. As is shown in the figure, these parameters 
were consistent for all five test runs. The standard deviation of the steam 
load between runs was an average of 0.2 percent. 

The 6-minute average values for oxygen at the economizer outlet and ESP 
outlet and NOx at the ESP outlet for each run are plotted against run time in 
Figure 2-7. The oxygen levels at both locations were fairly consistent 
across the test runs. The oxygen concentrations were similar across the air 
pollution control system, indicating that little dilution air entered the 
system. The NOx concentration generally ranged from 150 to 180 ppm. During 
Run 5, the NOx concentration was consistently below 150 ppm. 

2.3.2 Combustion Air Parameters 

The total combustion air flow and undergrate air temperature are 
presented in Figure 2-8 vs. run time. As can be seen in the figure, the 
undergrate air temperature did not vary significantly between test runs. 
However, the total air flow varied for all test runs and was inconsistent for 
Runs 2 and 4. In addition, the figure shows that the total air flow for 
Run 1 increased slightly throughout the test run. This is expected since the 
oxygen level for this run increased throughout the test. 

Primary and secondary air pressure are plotted against run time in 
Figure 2-9. These combustion air parameters did not vary significantly 
between test runs. 
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2.3.3 CO Concentrations and Furnace Temperature Profile 
CO concentrations vs. run time are plotted in Figure 2-10. Except for 

Run 3, the CO concentration was generally below 30 ppm indicating good 
combustion in the combustor. The average CO concentration for Run 3 was 
43.0 ppm. 

Figure 2-11 presents the superheater outlet gas and economizer inlet gas 
temperatures. These temperatures were fairly consistent across the test 
runs. The highest mean superheater exit gas temperature (984°F) occurred 
during Run 3. This test run also has the lowest economizer inlet gas 
temperature {677°F). This suggests better heat transfer with the hotter flue 
gas due to the larger temperature differential between the hot flue gas and 
the boiler water. 

2.3.4 Pressure Profile 

The furnace draft, superheater outlet, spray dryer inlet, and ESP outlet 
pressures are plotted vs. run time in Figure 2-12. As can be seen from the 
figure, all of the pressures were fairly consistent across the test runs. 
The combustor draft went positive several times during each test run. 

2.3.5 Control System Temperature Profile 

Figure 2-13 presents a plot of spray dryer inlet, spray dryer outlet, 
and ESP outlet temperatures vs. run time for all five test runs. The spray 
dryer inlet temperature was fairly consistent across all test runs, ranging 
from 430 to 450°F. Test Runs 1 and 5 show an upward trend in the spray dryer 
inlet temperature as each test progressed. The spray dryer outlet and ESP 
outlet temperatures were also fairly consistent across the test runs, ranging 
from 250 to 260°F.-

2.3.6 Spray Drver Operating Variables 

Inlet and outlet so2 concentration, total slurry flow, and dilution 
water flow are plotted against run time in Figures 2-14 and 2-15. The total 
slurry flow, dilution water flow, and the lime slurry rate are highly 
variable within each test run and change as necessary to keep the spray dryer 
inlet temperature and outlet so2 concentration within control set points. 
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Figure 2-15. Spray Dryer Operating Parameters as a Function of Time During the 
Millbury Test Program 
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The inlet and outlet so2 concentrations also vary significantly within each 

test run. This shows the nonuniformity of the municipal waste fed during the 

test runs. 

2.3.7 so2 Removal Efficiency and Lime Feed Rate 

The so2 removal efficiency across the emission control system and lime 

feed rate are plotted against run time in Figure 2-16. The so2 removal 

efficiency was calculated based on the measured so2 concentrations at the 

spray dryer inlet and outlet. These concentrations were not normalized in 

calculating removal efficiency because 02 data at the outlet were 6-minute 

averages and the so2 data were point values recorded every 10 minutes. The 

lime feed rate was calculated based on the total slurry flow and the solids 

concentration and specific gravity of the total slurry flow for each test run 

(Table 3-7). The total slurry specific gravity and solids content were 

assumed constant throughout each test run, although these values varied 

because of changes in the dilution water rate. The fraction of the solids 

which is CaO was assumed constant at 0.55 based on data taken at another test 

site that used the same type of lime slurry system. The lime feed rate was 

calculated by the equation: 

Lime feed rate (lb/min) =Total slurry feed rate (gal/min) x Solids 

content (%) x CaO in Solids (0.55) x Specific 

gravity of slurry x Density H20 (8.342 lb/gal) 

The efficiency fluctuates due to the variability in inlet so2 
concentrations and automatic adjustment of the spray dryer operating 

variables. During the five test runs, the so2 removal efficiency ranged from 

70 to 98 percent. The lime feed rate ranged from 10 to 20 lb/min across the 

test runs. 
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3.0 SUMMARY OF RESULTS 

Sampling for CDD/CDF, using the ASME/EPA/DOE protocol and a modified Method 

5 (MM5) train, and simultaneous Method 3 testing were conducted at the inlet to 

the spray dryer of Unit 2 at the Wheelabrator Millbury municipal waste 

combustor facility. Representative ash samples from various discharge points 

and lime slurry samples were also collected during the period of emission 

testing. Table 3.1 summarizes the test schedule for this sampling. 

In brief, the average CDD concentration (uncontrolled) for Runs 1-5 at the 

inlet to the spray dryer was 50.6 nanograms per dry standard cubic meter 

(ng/dscm), corrected to 12 percent co
2

. The average CDF concentration 

(uncontrolled) was 228 ng/dscm, corrected to 12 percent co2 , and the total 

average CDD/CDF concentration (uncontrolled) was 279 ng/dscm, corrected to 12 

percent co2 . In terms of 2,3,7,8-TCDD toxic equivalents, the average 

uncontrolled CDD concentration was 0.87 ng/dscm, corrected. The average 

uncontrolled CDF concentration was 0.84 ng/dscm, corrected, and the average 

uncontrolled total CDD/CDF concentration was 1.71 ng/dscm, corrected. For the 

ash samples, total CDD/CDF concentrations ranged from 0.04 ng/g (0.00 ng/g 

2,3,7,8-TCDD toxic equivalents) in the bottom ash to 84.8 ng/g (0.51 ng/g 

2,3,7,8-TCDD toxic equivalents) in the ESP ash from the third field. The 

single lime slurry sample analyzed for CDD/CDF showed a total CDD/CDF 

concentration of 0.51 ng/g (0.00 ng/g 2,3,7,8-TCDD toxic equivalents). The 

co2 and 02 concentrations in the flue gas during Runs 1 through 5 ranged from 

9.2 to 9.9% and 10.0 to 10.7%, respectively. 

Discussions detailing all the results obtained are presented in the 

following sections. Computer printouts of the sample calculations are 

presented in Appendix A. Original field data sheets and the analytical data 

are located in Appendix B. 

3.1 RESULTS OF EMISSION TESTING AT SPRAY DRYER INLET 

The emission results from the testing conducted at the spray dryer inlet 

represent the uncontrolled emissions from the Unit 2 municipal waste combustor 

at the Resource Recovery Facility in Millbury, Massachusetts. This report 

presents emission results from this inlet location only. A subsequent report 

will summarize these results and will compare them with the results from emis

sion testing conducted concurrently at the outlet to the control equipment for 

compliance purposes which was funded under an industrial contract to Entropy. 

3-1 



w 
I 

1\.) 

TABLE 3.1. TESTING SCHEDULE FOR WHEELABRATOR MILLBURY 

Spray Dryer Inlet ESP Outlet* 

Run Time Run Time 
Date Sample Type No. 24 hr Clock No. 24 hr Clock 

2/8/88 MM5 (CDD/CDF) MM5-IN-1 0858-1538 MM5-0-1 0855-1545 
M3 (02, C02) M3-IN-1 0858-1538 M3-0-1 0855-1545 
Bottom Ash 
Economizer/Genera-
tor Ash 

Spray Dryer Ash 
ESP Ash-All Fields 
ESP Ash-Fields 2,3 
ESP Ash-Field 3 
Lime Slurry 

MM5 (CDD/CDF) MM5-IN-2 1630-2111 MM5-0-2 1630-2115 
M3 (02, C02) M3-IN-2 1630-2111 M3-0-2 1630-2115 
Bottom Ash 
Economizer/Genera-
tor Ash 

Spray Dryer Ash 
ESP Ash-All Fields 
ESP Ash-Fields 2,3 
ESP Ash-Field 3 
Lime Slurry 

--- ------

(continued) 

Various Ash/Lime Locations** 

Sample Time 
No. 24 hr Clock 

ASH-BOTTOM-1 0940-1605 
ASH-ECON/GEN-1 0910-1605 

ASH-SPRAYDR-1 0914-1609 
ASH-ESPALL-1 0912-1607 
ASH-ESP 2,3-1 0911-1606 
ASH-ESP 3-1 0910-1605 
LIME-1 0930 

ASH-BOTTOM-2 1730-2130 
ASH-ECON/GEN-2 1700-2130 

ASH-SPRAYDR-2 1704-2134 
ASH-ESPALL-2 1702-2132 
ASH-ESP 2,3-2 1701-2131 
ASH-ESP 3-2 1700-2130 
LIME-2 1800 

--
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TABLE 3.1. (continued) 

Date Sample Type 

2/9/88 MM5 (CDD/CDF) 
M3 (02, C02) 
Bottom Ash 
Economizer/Genera-
tor Ash 

Spray Dryer Ash 
ESP Ash-All Fields 
ESP Ash-Fields 2,3 
ESP Ash-Field 3 
Lime Slurry 

MM5 (CDD/CDF) 
M3 (02, C02) 
Bottom Ash 
Economizer/Genera-
tor Ash 

Spray Dryer Ash 
ESP Ash-All Fields 
ESP Ash-Fields 2,3 
ESP Ash-Field 3 
Lime Slurry 

(continued) 

Spray Dryer Inlet 

Run Time 
No. 24 hr Clock 

MM5-IN-3 0830-1315 
M3-IN-3 0830-1315 

MM5-IN-4 1430-1954 
M3-IN-4 1430-1954 

ESP Outlet* Various Ash/Lime Locations** 

Run Time Sample Time 
No. 24 hr Clock No. 24 hr Clock 

MM5-0-3 0830-1325 
M3-0-3 0830-1325 

ASH-BOTTOM-3 0915-1330 
ASH-ECON/GEN-3 0845-1330 

ASH-SPRAYDR-3 0849-1334 
ASH-ESPALL-3 0847-1332 
ASH-ESP 2,3-3 0846-1331 
ASH-ESP 3-3 0845-1330 
LIME-3 1100 

MM5-0-4 1430-1957 
M3-0-4 1430-1957 

ASH-BOTTOM-4 1515-2000 
ASH-ECON/GEN-4 1445-2000 

ASH-SPRAYDR-4 1449-2004 
ASH-ESPALL-4 1447-2002 
ASH-ESP 2,3-4 1446-2001 
ASH-ESP 3-4 1445-2000 
LIME-4 1830 
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TABLE 3.1. (continued) 

Spray Dryer Inlet ESP Outlet* Various Ash/Lime Locations** 

Run Time Run Time Sample Time 
Date Sample Type No. 24 hr Clock No. 24 hr Clock No. 24 hr Clock 

2/10/88 MM5 (CDD/CDF} MM5-IN-5 0845-1343 MM5-0-5 0845-1349 
M3 (02, C02) M3-IN-5 0845-1343 M3-0-5 0845-1349 
Bottom Ash ASH-BOTTOM-5 0920-1355 
Economizer/Genera- ASH-ECON/GEN-5 0855-1355 
tor Ash 

Spray Dryer Ash ASH-SPRAYDR-5 0859-1359 
ESP Ash-All Fields ASH-ESPALL-5 0857-1357 
ESP Ash-Fields 2,3 ASH-ESP 2,3-5 0856-1356 
ESP Ash-Field 3 ASH-ESP 3-5 0855-1355 
Lime Slurry LIME-5 1200 

*Sample collection and analysis for compliance purposes funded under an industrial contract to Entropy; data 
not presented in this report. 

**See sample type column for location sampled. 



CDD/CDF samples were collected at the inlet to the spray dryer using a 

modified Method 5 (MM5) train fitted with a condenser and an XAD-2 sorbent 

module following the filter following the ASME/EPA/DOE protocol for CDD/CDF 

sampling (see Appendix C). Samples were recovered in seven components. They 

were analyzed for CDD/CDF in separate front half samples {prior to and including 

the filter) and back half samples {back half of the filter holder up to and 

including the impingers} using high resolution gas chromatography/high 

resolution mass spectrometry {HRGC/HRMS). Multipoint, integrated Method 3 

sampling was conducted simultaneously with the CDD/CDF sampling. The volumetric 

flow rate and moisture of the flue gas was measured using the MM5 train. 

Complete descriptions of the inlet sampling location and the sampling and 

analytical procedures are presented in Section 4.0 and Appendix C. 

3.1.1 Flue Gas Conditions and Isokinetic Sampling Rate 

A summary of the flue gas conditions at the spray dryer inlet during the 

five test runs is presented in Table 3.2. The volumetric flow rates were 

consistent from run to run and averaged 310,000 actual cubic meters per hour 

(11,000,000 actual cubic feet per hour}. The flue gas temperature averaged 

224°C (435°F}, with an average moisture content of 12.4 percent. The oxygen and 

carbon dioxide concentrations averaged 10.2 percent and 9.5 percent, 

respectively. The volumetric flow rate at standard conditions averaged 158,000 

dry standard cubic meters per hour (5,590,000 dry standard cubic feet per hour). 

Standard conditions are 20°C (68°F) and 760 mm Hg {29.92 in. Hg). The 

isokinetic sampling rates were well within the allowable range for all five 

runs. 

3.1.2 CDD/CDF Emissions 

A summary of CDD/CDF emission concentrations and 2,3,7,8-TCDD toxic equiva

lent concentrations measured at the spray dryer inlet sampling location are 

presented in Table 3.3. This table includes concentrations and 2,3,7,8-TCDD 

toxic equivalencies for individual isomers and isomer groups as well as for 

total CDD, total CDF, and total CDD/CDF. All concentrations have been corrected 

to 12% co2 using the C02 value for the appropriate run. The factors used to 

generate the 2,3,7,8-toxic equivalent concentrations are the factors routinely 

used in EPA studies.* 

*"Interim procedures for estimating risks associated with exposure to mixtures 
of chlorinated dioxins and dibenzofurans other than 2,3.7,8-TCDD," by J. Bellin 
and D. Barnes, U. S. EPA, Washington, DC, November 21, 1985. 
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TABLE 3.2. SUMMARY OF FLUE GAS CONDITIONS AT SPRAY DRYER INLET 

Volumetric Flow Rate 
Stack 

Actual a Standardb Temp 

Date acmh acfh dscmh dscfh oc OF Moisture 02 C02 Isokinetic Run No. (1988) X 103 X 103 X 103 X 103 % % % % 

2-MM5-IN-1 2/8 326 11,500 166 5,850 226 440 12.4 10.3 9.4 108.1 2-MM5-IN-2 2/8 325 11,500 165 5,810 228 442 12.3 10.7 9.2 105.6 2-MM5-IN-3 2/9 298 10,500 151 5,340 221 430 13.4 10.0 9.9 104.9 2-MM5-IN-4 2/9 309 10,900 160 5.650 224 435 11.3 10.2 9.7 102.6 2-MM5-IN-5 2/10 294 10,400 150 5,310 221 429 12.6 10.0 9.3 103.3 
Average 310 11,000 158 5.590 224 435 12.4 10.2 9.5 

avolumetric flow rate in actual cubic meters per hour (acmh} and actual cubic feet per hour (acfh) at stack conditions. 
bvolumetric flow rate in dry standard cubic meters per hour (dscmh) and dry standard cubic feet per hour (dscfh); standard conditions are 68°F and 29.92 inches Hg. 



TABLE 3.3. CDD/CDF EMISSION RESULTS AND 2,3,7,8-TCDD TOXIC EQUIVALENTS 
FOR SPRAY DRYER INLET AT WHEELABRATOR MILLBURY 

Concentration (ng/dscm corrected to 12% co2 ) 

Isomer Run 1 Run 2 Run 3 Run 4 Run 5 

---------~~---------------------------
Dioxins 

TOTAL MCDD 

TOTAL DCDD 

TOTAL TriCDD 

2378-TCDD 

OTHER TCDD 

12378-PCDD 

OTHER PCDD 

123478-HxCDD 

123678-HxCDD 

123789-HxCDD 

OTHER HxCDD 

1234678-HpCDD 

OTHER HpCDD 

OCDD 

TOTAL CDD 

Furans 

TOTAL MCDF 

TOTAL DCDF 

TOTAL TriCDF 

2378-TCDF 

OTHER TCDF 

12378-PCDF 

23478-PCDF 

OTHER PCDF 

123478-HxCDF 

123678-HxCDF 

234678-HxCDF 

123789-HxCDF 

OTHER HxCDF 

1234678-HpCDF 

1234789-HpCDF 

OTHER HpCDF 

OCDF 

TOTAL CDF 

ND* 

0.905 

3.00 

0.480 

5.86 

0.857 

6.01 

0.781 

1.24 

2.55 

9·77 

5·77 

4.99 

13.5 

55.7 

ND 

19.9 

4s.4 
2.95 

64.4 

2.47 

3.08 

32.603 

6.56 

3.78 

3.45 

0.290 

18.1 

7.80 

0.654 

3.76 

3.05 

218 

TOTAL CDD/CDF 274 

ND 

0.936 

2.55 

0.405 

5·55 

0.721 

5.40 

0.640 

1. 05 

2.08 

6.34 

5·45 

5.51 

14.4 

51.0 

0.13 

7.85 

60.7 

2.73 

61.8 

2.56 

2.52 

27.3 

5.92 

3.54 

3.11 

0.252 

20.3 

7.49 

0.880 

3.96 

3.88 

215 

266 

ND 

2.03 

3.76 

0.283 

3.80 

0.380 

3·75 
0.420 

0.637 

1. 07 

7.12 

3.61 

3·75 

7.80 

38.4 

1.18 

46.2 

82.3 

1. 78 

39.8 

2.12 

1.80 

23.0 

4.09 

2.06 

1.86 

ND 

11.9 

4.65 

0.316 

2.25 

1. 30 

226 

264 

ND 

1.81 

7.35 

0. 311 

4.10 

0.444 

3.90 

0.529 

0.809 

1.67 

8.64 

5.18 

5.01 

21.6 

61.4 

0.483 

21.9 

123 

1. 92 

42.0 

1.56 

1.81 

20.2 

4.93 

2.21 

2.34 

0.114 

13.2 

5. 14 

0.383 

2.25 

1. 76 

245 

306 

ND 

1. 85 

7·35 

0.315 

4.94 

0.573 

4.01 

0.672 

0.797 

2.02 

7.38 

3.82 

3.52 

9.30 

46.5 

0.710 

24.2 

107 

1. 87 

45.3 

1.68 

1. 77 

20.1 

5.29 

2.45 

2.42 

0.006 

14.9 

4.88 

0.362 

2.13 

1.62 

237 

284 

Ave 

0.000 

1. 51 

4.80 

0.359 

4.85 

0.595 

4.61 

0.608 

0.907 

1. 88 

7.85 

4.77 
4.56 

13.3 

50.6 

0.501 

24.0 

83.6 

2.25 

50.7 

2.08 

2.20 

24.6 

5.36 

2.81 

2.64 

0.132 

15.7 

5·99 

0.519 

2.87 

2.32 

228 

279 

2378-

TCDD 

Toxic 

Equiv 

Factor 

0.0000 

0.0000 

0.0000 

1.0000 

0.0100 

0.5000 

0.0050 

0.0400 

0.0400 

0.0400 

0.0004 

0.0010 

0.00001 

0.0000 

0.0000 

0.0000 

0.0000 

0.1000 

0.0010 

0.1000 

0.1000 

0.0010 

0.0100 

0.0100 

0.0100 

0.0100 

0.0001 

0.0001 

0.0001 

0.00001 

0.0000 

2378-TCDD Toxic Equivalents 

(ng/dscm, corrected to 12% C02 ) 

Run 1 Run 2 Run 3 Run 4 Run 5 Ave 

0.000 

0.000 

0.000 

0.480 

0.059 

0.429 

0.030 

0.031 

0.050 

0.102 

0.004 

0.006 

0.000 

0.000 

1.19 

0.000 

0.000 

0.000 

0.295 

0.064 

0.247 

0.308 

0.033 

0.066 

0.038 

0.034 

0.003 

0.002 

0.001 

0.000 

0.000 

0.000 

1. 09 

2.28 

0.000 

0.000 

0.000 

0.405 

0.056 

0.361 

0.027 

0.026 

0.042 

0.083 

0.003 

0.005 

0.000 

0.000 

1. 01 

0.000 

0.000 

0.000 

0.273 

0.062 

0.256 

0.252 

0.027 

0.059 

0.035 

0.031 

0.003 

0.002 

0.001 

0.000 

0.000 

0.000 

1.00 

2.01 

0.000 

0.000 

0.000 

0.283 

0.038 

0.190 

0.019 

0.017 

0.025 

0.043 

0.003 

0.004 

0.000 

0.000 

0.000 

0.000 

0.000 

0. 311 

0.041 

0.222 

0.020 

0.021 

0.032 

0.067 

0.003 

0.005 

0.000 

0.000 

0.000 0.000 

0.000 0.000 

0.000 0.000 

0.315 0.359 

0.049 0.049 

0.287 0.298 

0.020 0.023 

0.027 0.024 

0.032 0.036 

0.081 0.075 

0.003 0.003 

0.004 0.005 

0.000 0.000 

0.000 0.000 

0.622 0.722 0.818 0.872 

0.000 

0.000 

0.000 

0.178 

0.040 

0.212 

0.180 

0.023 

0.041 

0.021 

0.019 

0.000 

0.001 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.192 

0.042 

0. 156 

0.181 

0.020 

0.049 

0.022 

0.023 

0.001 

0.001 

0.001 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.187 

0.045 

0.168 

0.177 

0.020 

0.053 

0.025 

0.024 

0.000 

0.001 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.225 

0.051 

0.208 

0.220 

0.025 

0.054 

0.028 

0.026 

0.001 

0.001 

0.001 

0.000 

0.000 

0.000 

0.715 0.688 0.700 0.839 

1.34 1. 41 1. 71 

*ND - isomer not detected or did not meet all qualitative identification criteria. Detection limits and 

estimated maximum possible concentrations for separate back half and front half samples are found in Table 3.5. 
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As is evident from Table 3.3, the total CDD/CDF emissions (and individual 
isomer concentrations) were quite consistent from run to run. Corrected to 12% 
C02 , the total CDD concentration averaged 50.6 ng/dscm (standard deviation 
8.8), the total CDF concentration averaged 228 ng/dscm (standard deviation 
12.6), and the total CDD/CDF concentration averaged 279 ng/dscm (standard 
deviation 17.3). The total CDD/CDF concentration in terms of 2,3,7,8-TCDD 
toxic equivalents, which account for the toxicity of each isomer or isomer 
group, averaged 1.71 ng/dscm, corrected to 12% co2 . 

3.2 PROCESS SAMPLE CDD/CDF CONCENTRATIONS 
Tables 3.4A and 3.4B present the CDD/CDF concentrations and 2,3,7,8-TCDD 

toxic equivalent concentrations, respectively, in the process samples collected 
during this test program. Samples were taken of the bottom ash, economizer/ 
generator ash, spray dryer ash, and the ESP ash from all fields, fields 2 and 
3, and field 3. Samples were also taken of the lime slurry feed to the spray 
dryer. Values reported for all ash samples are the CDD/CDF concentrations in a 
composite of samples collected during the five test runs. Values reported for 
the lime slurry are the CDD/CDF concentrations in the sample from Run No. 1. 

As shown in Table 3.4A, the concentration of CDD/CDF in the ash increases 
significantly from the beginning to the end of the MWC system. The increase is 
approximately three orders of magnitude, from a total CDD/CDF concentration in 
the bottom ash of 0.04 nanograms per gram (ng/g) to a total CDD/CDF concentra
tion in the ash from the third and final field of the ESP of 85 ng/g. The same 
trend was observed in the 2,3,7,8-TCDD toxic equivalents for these samples 
(Table 3.4B). The lime slurry sample showed small concentrations of several 
isomers, but these were not significant in terms of 2,3,7,8-TCDD toxic 
equivalents. 

3.3 ANALYSIS OF CDD/CDF IN EMISSION AND PROCESS SAMPLES 
Table 3.5 presents the results, in nanograms of analyte per sample, for the 

CDD/CDF analysis on the spray dryer inlet flue gas emission samples collected 
at Millbury. As previously stated, the emissions collected by each train were 
analyzed separately in a front half sample (sample recovered from portion of 
the train prior to and including the filter) and a back half sample (sample 
recovered from the back half of the filter holder up to and including the 
impingers). Separate front half/back half analyses were performed for two 
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TABLE 3.4A. CDD/CDF RESULTS FOR PROCESS SAMPLES 

Concentration (ng/g) 

Econ/ Spray ESP Ash ESP Ash ESP Ash 
Bottom Gen Dryer All Fields Field Lime 

Isomers Ash Ash Ash Fields 2,3 3 Slurry 

Dioxins 
TOTAL MCDD ND(0.001)* ND(0.001) ND(0.003) ND(0.001) ND(0.003) ND(0.008) ND(0.033) 
TOTAL DCDD ND(0.001) ND[0.016] ND(0.005) 0.066 ND(0.005) ND[0.245] ND(0.062) 
TOTAL TriCDD ND(0.003) ND[0.009] ND(0.010) 0.134 0.111 0.387 ND(0.118) 
2378-TCDD ND[0.001] 0.005 0.010 0.030 0.040 0.090 ND[0.010] 
OTHER TCDD ND[0.001] 0.026 0.010 0.270 0.388 1.15 0.017 
12378-PCDD ND(0.001) 0.006 ND(0.008) 0.040 0.063 0.125 ND(0.110) 
OTHER PCDD ND(0.001) 0.004 0.012 0.259 0.280 1.41 ND (0 .110) 
123478-HxCDD ND(0.001) ND(0.003) ND(0.013) 0.041 0.060 0.176 ND(0.098) 
123678-HxCDD ND(0.001) ND(0.003) ND(0.010) 0.065 0.108 0.419 ND(0.090) 
123789-HxCDD ND(0.001) ND[0.006] 0.026 0.127 0.192 0.589 ND(O .110) 
OTHER HxCDD ND[0.035] 0.019 0.042 0.298 0.501 3.63 ND[0.347] 
1234678-HpCDD 0.003 0.044 0.049 0.370 0.533 2.19 0.049 
OTHER HpCDD ND 0.034 0.065 0.344 0.550 2.21 0.039 
OCDD 0.016 0.115 0.094 0.941 1.08 4.44 0.249 

TOTAL CDD 0.019 0.253 0.308 2.99 3.91 16.8 0.354 

Furans 
TOTAL MCDF ND(0.001) ND[0.015] ND(0.003) 0.036 ND(0.003) 0.237 ND(0.022) 
TOTAL DCDF ND(0.001) ND[0.095] ND(0.008) 1.49 ND(0.008) 5.79 ND(0.095) 
TOTAL TriCDF 0.009 0.605 0.124 3.15 3.28 15.3 0.027 
2378-TCDF 0.0004 0.030 0.030 0.150 0.250 0.620 0.003 
OTHER TCDF 0.004 0.722 0.478 3.86 6.26 19.9 ND[0.213] 
12378-PCDF ND(0.001) ND[0.022] 0.031 0.164 0.275 0.710 ND(0.073) 
23478-PCDF ND[0.001] 0.025 0.032 0.205 0.326 0.826 ND(0.075) 
OTHER PCDF 0.003 0.234 0.312 2.10 3.16 9.42 ND[0.380] 
123478-HxCDF ND(0.001) 0.042 0.089 0.428 0.642 2.12 ND(0.055) 
123678-HxCDF ND(0.001) 0.019 ND[0.045] 0.228 0.352 1.18 ND(0.048) 
234678-HxCDF ND(0.001) 0.021 ND[0.029] 0.225 0.335 1.25 ND(0.065) 
123789-HxCDF ND(0.001) ND(0.003) ND(0.010) ND[0.014] ND[0.024] ND[0.081] ND(0.083) 
OTHER HxCDF ND(0.001) 0.085 0.155 1.13 1.88 5.58 0.027 
1234678-HpCDF 0.004 0.061 0.108 0.581 0.870 3.00 0.049 
1234789-HpCDF ND(0.001) 0.007 ND(0.013) ND[0.045] 0.065 0.253 ND(0.065) 
OTHER HpCDF ND 0.037 0.016 0.179 0.352 0.953 0.007 
OCDF ND[0.005] 0.048 ND(0.030) 0.174 0.214 0.788 0.041 

TOTAL CDF 0.020 1.94 1.38 14.1 18.3 68.0 0.154 

TOTAL CDD/CDF 0.039 2.19 1.69 17.1 22.2 84.8 0.508 

*ND - not detected. Detection limits are shown in parentheses ( ); estimated maximum 
possible concentrations for analytes found above the detection limit, but not meeting 
all the qualitative identification criteria, are shown in brackets [ ] . 
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TABLE 3.4B. 2,3,7,8-TCDD TOXIC EQUIVALENTS FOR PROCESS SAMPLES 

2378- 2378-TCDD Toxic Equivalents (ng/g) 
TCDD 
Toxic Econ/ Spray ESP Ash ESP Ash ESP Ash 
Equiv Bottom Gen Dryer All Fields Field Lime Isomers Factor Ash Ash Ash Fields 2,3 3 Slurry 

Dioxins 
TOTAL MCDD 0.0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 TOTAL DCDD 0.0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 TOTAL TriCDD 0.0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2378-TCDD 1.0000 0.000 0.005 0.010 0.030 0.040 0.090 0.000 OTHER TCDD 0.0100 0.000 0.000 0.000 0.003 0.004 0.012 0.000 12378-PCDD 0.5000 0.000 0.003 0.000 0.020 0.032 0.063 0.000 OTHER PCDD 0.0050 0.000 0.000 0.000 0.001 0.001 0.007 0.000 123478-HxCDD 0.0400 0.000 0.000 0.000 0.002 0.002 0.007 0.000 123678-HxCDD 0.0400 0.000 0.000 0.000 0.003 0.004 0.017 0.000 123789-HxCDD 0.0400 0.000 0.000 0.001 0.005 0.008 0.024 0.000 OTHER HxCDD 0.0004 0.000 0.000 0.000 0.000 0.000 0.001 0.000 1234678-HpCDD 0.0010 0.000 0.000 0.000 0.000 0.001 0.002 0.000 OTHER HpCDD 0.00001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 OCDD 0.0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

TOTAL CDD 0.000 0.008 0.011 0.064 0.092 0.223 0.000 

Furans 
TOTAL MCDF 0.0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 TOTAL DCDF 0.0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 TOTAL TriCDF 0.0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2378-TCDF 0.1000 0.000 0.003 0.003 0.015 0.025 0.062 0.000 OTHER TCDF 0.0010 0.000 0.001 0.000 0.004 0.006 0.020 0.000 12378-PCDF 0.1000 0.000 0.000 0.003 0.016 0.028 0.071 0.000 23478-PCDF 0.1000 0.000 0.003 0.003 0.021 0.033 0.083 0.000 OTHER PCDF 0.0010 0.000 0.000 0.000 0.002 0.003 0.009 0.000 123478-HxCDF 0.0100 0.000 0.000 0.001 0.004 0.006 0.021 0.000 123678-HxCDF 0.0100 0.000 0.000 0.000 0.002 0.004 0.012 0.000 234678-HxCDF 0.0100 0.000 0.000 0.000 0.002 0.003 0.013 0.000 123789-HxCDF 0.0100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 OTHER HxCDF 0.0001 0.000 0.000 0.000 0.000 0.000 0.001 0.000 1234678-HpCDF 0.0001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1234789-HpCDF 0.0001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 OTHER HpCDF 0.00001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 OCDF 0.0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

TOTAL CDF 0.000 0.007 0.010 0.067 0.108 0.292 0.000 

TOTAL CDD/CDF 0.000 0.015 0.021 0.131 0.200 0.515 0.000 
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TABLE 3.5. FRONT HALF/BACK HALF CDD/CDF RESULTS FOR INLET EMISSION SAMPLES 

=================================================================================================================================--========= 
Results in Total ng per Sample*'** 

------------------------------------------------------------------------------------------------------------------------------
Isomer Run 1 Run 2 Run 3 

FH BH FH BH FH BH 
-----------------------------------------------------------------------------------------
Dioxins 
TOTAL MCDD 
TOTAL DCDD 
TOTAL TriCDD 
2378-TCDD 
OTHER TCDD 
12378-PCDD 
OTHER PCDD 
123478-HxCDD 
123678-HxCDD 
123789-HxCDD 
OTHER HxCDD 
TOTAL HpCDD 
OCDD 

TOTAL CDD 

Furans 
TOTAL MCDF 
TOTAL DCDF 
TOTAL TriCDF 
2378-TCDF 
OTHER TCDF 
12378-PCDF 
23478-PCDF 
OTHER PCDF 
123478-HxCDF 
123678-HxCDF 
234678-HxCDF 
123789-HxCDF 
OTHER HxCDF 
TOTAL HpCDF 
OCDF 

TOTAL CDF 

TOTAL CDD/ 
CDF 

ND (0.005) 
1.508 
5.002 
0.800 
9.765 
1.429 

10.020 
1.302 
2.071 
4.251 

16.293 
17.836 
21.610 

91.9 

ND [0.346] 
33.207 
73.761 

4.780 
105.753 

4.045 
5.057 

53.540 
10.930 
6.333 
5·751 
0.484 

29.817 
20.049 

4.695 

358 

450 

ND (0.008) 
ND (0.018) 
ND (0.045) 
ND [0.020] 
ND [0.029] 
ND (0.018) 
ND [0.033] 
ND (0.025) 
ND (0.025) 
ND (0.030) 
ND [0.537] 
0.101 
0.899 

1.00 

ND (0.008) 
ND (0.022) 
1.929 
0.130 
1.618 
0.070 
0.078 
0.811 
ND [0.197] 
ND (0.015) 
ND (0.018) 
ND (0.025) 
0.283 
0.323 
0.392 

5.63 

6.63 

ND (0.008) 
1.481 
4.034 
0.640 
8.777 
1.141 
8.540 
1.013 
1. 654 
3.291 

10.027 
17.286 
21.374 

79.3 

0.197 
12.417 
95.004 

4.220 
96.963 

4.014 
3·991 

42.942 
9.361 
5.603 
4.912 
0.399 

32.168 
19.428 
6.130 

338 

417 

ND (0.005) 
ND (0.010) 
ND (0.028) 
ND [0.020] 
ND [0.057] 
ND (0.013) 
ND (0.013) 
ND (0.015) 
ND (0.015) 
ND (0.018) 
ND [0.456] 
0.050 
1. 364 

1. 41 

ND (0.005) 
ND (0.015) 
1. 056 
0.100 
0.770 
0.032 
ND [0.025] 
0.198 
ND (0.010) 
ND (0.008) 
ND (0.010) 
ND (0.015) 
ND (0.010) 
0.082 
ND [0.102] 

2.24 

3.65 

ND (0.018) 
3.158 
5.838 
0.440 
5.907 
0.590 
5.824 
0.653 
0.990 
1.665 

11.062 
11.435 
10.911 

58.5 

1.826 
71.747 

127.883 
2.750 

61.890 
3.294 
2.793 

35.800 
6.350 
3.201 
2.885 
ND (0.073) 

18.480 
11.068 

2.017 

352 

411 

ND (0.040) 
ND (0.080) 
ND (0.215) 
ND (0.010) 
ND (0.065) 
ND (0.068) 
ND (0.068) 
ND (0.100) 
ND (0.100) 
ND (0.118) 
ND [0.588] 
ND (0.075) 
1.200 

1.20 

ND (0.037) 
ND (0.015) 
ND (0.018) 
0.020 
ND (0.048) 
ND (0.043) 
ND (0.048) 
ND (0.045) 
ND (0.058) 
ND (0.055) 
ND (0.073) 
ND (0.095) 
ND (0.068) 
0.139 
ND [0.242] 

0.159 

1. 36 

Run 4 
FH 

ND (0.013) 
2.238 
9.646 
0.430 
5.547 
0.622 
5·550 
0.765 
1. 174 
2.441 

12.967 
14.907 
32.454 

88.7 

0.628 
27.125 

150.490 
2.510 

53.544 
2.098 
2.445 

26.440 
6.714 
3.051 
3.272 
0.180 

18.218 
10.860 

2.434 

310 

399 

BH 

ND [0.226] 
0.606 
1. 938 
0.060 
0.919 
0.077 
0.595 
0.069 
0.101 
0.191 
0.640 
1.145 
1.636 

8.00 

0.133 
7.362 

43.533 
0.520 

12.646 
0.358 
0.409 
5.435 
1.054 
0.435 
0.419 

ND (0.018) 
2.634 
1.385 
0.342 

76.7 

84.7 

Run 5 
FH 

ND (0.008) 
2.336 
9.605 
0.450 
6.709 
0.800 
5·595 
0.948 
1.120 
2.855 

10.402 
10.247 
12.728 

63.8 

0.539 
32.369 

137.351 
2.500 

60.228 
2.306 
2.424 

27.381 
7.302 
3·393 
3.369 
ND [0.225] 

20.519 
10.047 

2.000 

312 

376 

BH 

ND (0.003) 
0.313 
0.905 
ND [0.030] 
0.359 
0.020 
0.136 
0.014 
0.020 
0.039 
0.159 
0.253 
0.578 

2.80 

0.477 
2.319 

16.391 
0.170 
4.529 
0.101 
0.103 
1. 310 
0.271 
0.118 
0.099 
0.009 
0.797 
0.502 
0.320 

27.5 

30.3 

=====================================================================================================================================----== 
*ND- not detected. Detection limits are shown in parentheses ( ); estimated maximum possible concentrations for analytes found above 

the detection limit, but not meeting all the qualitative identification criteria, are shown in brackets [ ] . 

**FH - front half; BH - back half. 



reasons: (1) to be consistent with the compliance test protocol for the CDD/CDF 
sampling to be performed at the outlet which called for separate front 
half/back half analysis, and (2) to assess differences in recovery of the 
internal standards potentially caused by the different matrices of the 
fractions (see Chapter 5.0). The analytical results for the spray dryer inlet 
emission samples indicate that the total CDD/CDF catch found in the back half 
sample ranged from 1 to 17 percent. 

As shown in Tables 3.4A and 3.5, ND or "not detected" is designated for a 
number of CDD/CDF isomers. ND listed as a sample result indicates one of two 
conditions. Under the first condition, the sample yielded an analyte response 
that was less than 2.5 times the background noise level. In these cases, ND 
was listed and the detection limit was reported in parentheses. Under the 
second condition, the GC/MS signals for an analyte eluted within the specified 
retention time windows for those analytes with a signal-to-noise ratio in 
excess of 2.5 to 1, but they did not meet all of the established qualitative 
identification criteria (see Table 5.2). In these cases, ND was listed with an 
"estimated maximum possible concentration" (EMPC} for the analyte in brackets. 
For the purposes of calculating sample catches and emission concentrations, all 
NDs were treated as zeros. 

In addition to the analysis for CDD/CDF, all the composited ash samples 
were analyzed for carbon content and ash content. These results are presented 
in Table 3.6. The lime slurry samples from each run were analyzed for solids 
content and specific gravity. These results are presented in Table 3.7. 

3.4 CDD/CDF HOMOLOGUE DISTRIBUTIONS 
The CDD/CDF homologue distributions are presented in Figures 3-la through 

3-1c for the flue gas emission samples and in Figures 3-2a and 3-2b for the 
process samples. The homologue distributions in the emission samples for both 
CDD and CDF were very consistent in the front halves and in the total sample 
from run to run. Because such small quantities of any of the homologues were 
found in the back halves, the data are less consistent. For the CDD homo
logues, the hexa-, hepta-, and octa-CDD comprised about 60 mole percent of the 
samples. For the CDF homologues, the mono- through the penta- CDF were the 
most prevalent species. 
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TABLE 3.6. ANALYTICAL RESULTS FOR CARBON AND ASH CONTENT 
OF ASH SAMPLES 

Carbon Content Ash Content 
Sample (%) (%) 

Bottom Ash 2.81 81.62 

Economizer/Generating 3.99 90.01 
Bank Ash 

Spray Dryer Ash 2.46 90.27 

ESP Ash - All Fields 1.08 87.12 

ESP Ash - Fields 2 & 3 2.40 88.15 

ESP Ash - Field 3 1.83 91.46 

TABLE 3.7. ANALYTICAL RESULTS FOR SPECIFIC GRAVITY 
AND SOLIDS CONTENT OF LIME SLURRY SAMPLES 

Specific Gravity* 
Sample (Unitless) 

Lime Slurry - Run 1 1.032 

Lime Slurry - Run 2 1.027 

Lime Slurry - Run 3 1.029 

Lime Slurry - Run 4 1.035 

Lime Slurry - Run 5 1.027 

*Average of three measurements. 
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Figure 3-la. CDD and CDF homologue distributions for front half flue gas 

emission samples. 
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Figure 3-lb. CDD and CDF homologue distributions for back half flue gas 
emission samples. 
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Figure 3-lc. CDD and CDF homologue distribution in combined front and 
back half flue gas emission samples. 
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Figure 3-2a. CDD and CDF homologue distributions for ESP ash samples. 
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Except for the bottom ash and lime slurry samples, the homologue distribu

tions in the process samples were also very consistent. The bottom ash and the 

lime slurry, both of which had low total CDD/CDF concentrations, showed a very 

high proportion of octa-CDD. Like the flue gas emission samples, the process 

samples contained proportionally more of (1) the more chlorinated CDD 

homologues and (2) the less chlorinated CDF homologues. 
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4.0 SAMPLING LOCATIONS AND SAMPLING AND ANALYTICAL PROCEDURES 

This section describes the sampling locations and the sampling and analyti

cal procedures used to characterize the emissions from Unit 2 at Wheelabrator 

Millbury. A schematic of one of the two identical MWC units and the relative 

sampling locations are shown in Figure 4.1. Emissions at the inlet to the spray 

dryer were sampled for CDD/CDF emissions, exhaust gas velocity, and molecular 

weight. In addition, samples of ash were taken at a number of locations in the 

ash handling system and samples of lime slurry were taken from the spray dryer 

penthouse during each test run. The test matrix for the EPA-sponsored test 

program is presented in Table 4.1. The subsections that follow further describe 

each sampling location and the applicable sampling and analytical procedures. 

4.1 SPRAY DRYER INLET 

EPA Method 3 and CDD/CDF sampling were performed at the spray dryer inlet. 

The round vertical duct at the spray dryer inlet is 8 feet, 9 inches in 

diameter. The two installed emission sampling ports are 90° apart, 4 inches in 

diameter, and have 12-inch flanges. There was a clearance problem associated 

wtih sampling through one of these ports, so the plant installed a third 4-inch 

port 85° from one of the existing ports to alleviate this problem. All the. 

ports are located approximately 35 feet downstream (4 duct diameters) and 

approximately 19 feet upstream (2.17 duct diameters) from the nearest flow 

distrubances. A schematic of the sampling location is shown in Figure 4.2. 

For the CDD/CDF and Method 3 sampling, a total of 24 points, per Method 1, 

were sampled in the duct. For the CDD/CDF sampling, each point was sampled for 

10 minutes for a total run time of 240 minutes (4 hours); this sampling time was 

based on the time established for the outlet sampling runs, which were performed 

concurrently. Gas meter, velocity head, orifice meter, vacuum, and temperature 

readings were taken at 10-minute intervals. 

4.2 BOTTOM ASH SAMPLING LOCATION 

The bottom ash was sampled following quenching with water as it extruded 

from the boiler onto a vibrating conveyor. There is a stairway next to the 

extrusion area which made it possible to sample the bottom ash using a long

handled scoop as it fell onto the conveyor. A diagram of the sampling location 

is shown in Figure 4.3. 
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TABLE 4.1. TEST MATRIX FOR WHEELABRATOR MILLBURY 

a Sample Sampling Analysis Analysis 
Location Type Method Parameter Method 

1-Spray dryer Combustion MM5 (5 runs)b.c CDD/CDF HRGC/HRMS 
inlet gas 

M3 02. C02 
Orsat 

CEMSd 
~a 

Electrocatalytic 
NDIR 

so2 NDUV 

2-ESP outlet Combustion CEMSd 0 Electrocatalytic 
gas s6

2 
NDUV 

NO Chemiluminescence 
X 

A-Bottom ash Bottom ash Integf;ated Percent com- ASTM E830 
discharge grab bustibles 

Percent carbon ASTM E777 
CDD/CDF HRGC/HRMS 

B-Economizer Economizer Integ~ated Percent com- ASTM E830 
and gener- and gener- grab bustibles 
ating bank ating Percent carbon ASTM E777 
discharge bank ash CDD/CDF HRGC/HRMS 

C-Spray dryer Spray dryer Integ~ated Percent com- ASTM E830 
discharge ash grab bustibles 

Percent carbon ASTM E777 
CDD/CDF HRGC/HRMS 

D-ESP discharge Fly ash Integ~ated Percent com- ASTM E830 
(three grab bustibles 
locations) Percent carbon ASTM E777 

CDD/CDF HRGC/HRMS 

E-Spray dryer Lime slurry Grabf CDD/CDF HRGC/HRMS 
penthouse Percent solids 

Specific gravity 

~Numbers and letters refer to Figure 4.1. 
Five simultaneous MM5 runs were conducted by Wheelabrator on ESP outlet; 
Wheelabrator also conducted one additional MM5 run at the outlet for a total 
of six runs. c 

dSeparate analyses of front and back half samples. 
Plant monitors; data compiled by Radian Corporation. 

eFive-run composite made from half of sample from each run; this was 
analyzed for CDD/CDF. % C. and% combustibles. Remaining half samples were 

cell 

cell 

farchived. 
One grab sample per run; portions of all these samples were analyzed for percent solids 
and specific gravity; one of the five samples was analyzed for CDD/CDF; the remaining portions 
were archived. 
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4.3 ECONOMIZER/GENERATING BANK ASH SAMPLING LOCATION 

Ash from the economizer and the generating bank is conducted downward in a 

pipe and is combined with the bottom ash in the quench tank opposite the bottom 

ash sampling location before it is extruded onto the vibrating conveyor. This 

ash was sampled with a scoop through a tap in the pipe. The sampling location 

is shown in Figure 4.3. 

4.4 SPRAY DRYER ASH SAMPLING LOCATION 

The spray dryer ash was collected using a scoop from a drag conveyor that 

serves the spray dryer hopper alone. The conveyor was easily accessed through 

an existing hatch. This sampling location is diagrammed in Figure 4.4. 

4.5 ESP ASH SAMPLING LOCATIONS 

ESP ash was collected using a scoop at three points along the drag conveyor 

serving this control device. These locations represented (1) the ash from 

Field 3, (2) the ash from Fields 2 and 3, and (3) the ash from all three 

fields. All locations were easily accessed through existing hatches. A 

diagram of the sampling locations is shown in Figure 4.5. 

4.6 LIME SLURRY SAMPLING LOCATION 

The lime slurry samples were collected from the lime slurry feed line in 

the spray dryer absorber penthouse from an easily accessed spigot. 

4.7 VELOCITY AND GAS TEMPERATURE 

A Type-S pitot tube and an inclined draft gauge manometer, or two differ

ential pressure gauges in-parallel, were used to measure the flue gas velocity 

pressure (delta P). Velocity pressures were measured at each sampling point 

across the duct to determine an average value according to the procedures in 

Method 2.* The temperature at each sampling point was measured using a 

thermocouple with a digital readout. 

4.8 METHOD 3 - MOLECULAR WEIGHT 

4.8.1 Sampling Operations 

The 02 , C02 , and N2 contents and the molecular weight of the flue gas were 

determined using EPA Method 3.* During the CDD/CDF sampling, an integrated bag 

sample was extracted at the traverse points at the inlet sampling location 

*40 CFR 60, July 1, 1987. 
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at a rate of approximately 0.5 L/min using a non-contaminating pump. The 

sampling train used is shown in Figure 4.6. A moisture knockout trap allowed 

the analysis to be performed on a dry basis. Total sample volume was 

approximately 4 to 5 cubic feet. 

4.8.2 Analysis 

The integrated bag samples were analyzed with an OrsatrM analyzer for co
2 

and 02 . Nitrogen was determined by difference. The analysis was repeated a 

minimum of three times on each bag until three results were within the limits 

specified by the method, and an average of these three results was used. The 

absorbing solutions used in the analyzer were potassium hydroxide (45% by 

volume) for carbon dioxide and pyrogallate (pyrogallol in potassium hydroxide} 

for oxygen. 

4.9 CDD/CDF SAMPLING AND ANALYSIS 

The emissions sampling and analysis for CDD/CDF was conducted according to 

the ASME/EPA Environmental Standards Workshop draft protocols: (1) "Sampling 

for the Determination of Chlorinated Organic Compounds in Stack Emissions," and 

(2) "Analytical Procedures to Assay Stack Effluent Samples and Residual 

Combustion Products for Polychlorinated Dibenzo-p-Dioxins and Polychlorinated 

Dibenzofurans" (December 1984) (see Appendix C). The protocols were modified 

slightly to use methylene chloride to replace hexane during all aspects of 

sampling equipment preparation and sample recovery. Methylene chloride was 

shown to recover the higher chlorinated CDD/CDF more efficiently than hexane 

during the EPA National Dioxin Strategy Tier 4 program. 

4.9.1 Sampling Equipment and Preparation 

The CDD/CDF sampling train is shown in Figure 4.7. At sampling locations 

with a high particulate loading, such as the spray dryer inlet, the cyclone 

shown in Figure 4.7 is necessary. 

All glass components of the sampling train, sample containers, and 

glassware used for sample recovery were precleaned according to the following 

procedures prior to sampling: 

1. Soak in hot, soapy water (Alconox®) at 50°C or higher. 
2. Triple-rinse with H

2
0. 
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3. Triple-rinse with deionized/distilled H20. 
4. Bake at 450°F for 2 hours. 
5. Triple-rinse with acetone (pesticide grade). 
6. Triple-rinse with methylene chloride (pesticide grade). 
7. Cap all openings with cleaned glass plugs or methylene chloride rinsed 

aluminum foil. 

Non-glass components (e.g., nozzles, teflon filter frits, tweezers, teflon 

squeeze bottles, and nylon probe brushes) were cleaned following the same 

procedure, except the baking step was eliminated. 

To prevent field contamination, the glass-fiber filters for CDD/CDF testing 

were placed in a pre-cleaned petri dish sealed with Teflon tape. Twenty (20} 

filters from the same sample lot were extracted simultaneously using methylene 

chloride in a Soxhlet extractor for a period of 24 hours. Contamination of the 

filters was checked with the proof rinse blank sample. 

Precleaned XAD-2 resin (Supelpak-2®) was purchased from Supelco. This 

resin meets EPA-recommended criteria for purity as outlined in EPA's "Level 1 

Environmental Assessment Procedures Manual." 

The remaining preparation involved calibration and leak checking of all the 

sampling equipment, including meter boxes, temperature sensors, nozzles, pitot 

tubes, and umbilicals. These procedures were performed according to the 

requirements specified in EPA's "Quality Assurance Handbook for Air Pollution 

Measurement Systems: Volume III" (600/4-77-027b). The results were documented 

and retained (see Appendix D). 

4.9.2 Sampling Train Assembly 

Sampling trains were assembled in both the recovery area and at the 

sampling location. The empty, clean impingers were first laid out in order. 

The first impinger was a knockout impinger with a short tip to collect 

condensate forming in the coil and XAD trap; the short tip ensured that the gas 

was not bubbled through the condensate preventing carryover to the next 

impinger. The next two impingers were filled with 100 ml each of high 

performance liquid chromatography (HPCL) quality water. The fourth impinger 

was empty, and the fifth impinger was charged with 300 grams of indicating 

silica gel. The impingers were connected together using U-tube connectors with 

Singer® screw caps. The screw threads and the 0-rings in the caps were wound 

with Teflon tape to ensure leak-free connections. The impingers were arranged 

in the train box. The XAD trap was attached to the condenser and this assembly 

was attached to the knockout impinger. 
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Next, the filter was loaded into the filter holder, and together with the 

cyclone was attached between the probe and condensor assembly. The entire 

train underwent a preliminary leak check before leaving the recovery area. For 

transport to the sampling location, the probe assembly had to be removed from 

the train. All openings on the probe and nozzle assembly and the impinger 

train were capped with methylene chloride rinsed foil. 

4.9.3 Sampling Operations 

The sampling train was operated according to the ASME/EPA protocol, which 

is based on EPA Method 5 procedures.* Special attention was given to the 

following QC checks: 

1. Prior to and following each run, the entire sampling train was leak
checked to ensure that leakage did not exceed the lesser of (a) 4 
percent of the average sampling rate, or (b) 0.02 actual cubic feet per 
minute (acfm). 

2. The filter compartment was maintained at 248 + 25°F during sampling. 

3. Flue gas entering the sorbent module was maintained at or below 68°F. 

4. Isokinetic sampling was maintained within 10 percent. 

5. Stored resin was kept below 120°F at all times. 

4.9.4 Sample Recovery 

Prior to transfer to the recovery area, the openings of the sampling train 

were capped with methylene chloride rinsed foil. Once in the recovery area, 

the sampling trains were recovered following the scheme shown in Figure 4.8. 

Liquid samples were placed in precleaned amber glass bottles to prevent light 

degradation. Filters were placed in precleaned glass petri dishes sealed with 

Teflon tape. Both the petri dishes and the capped XAD traps were covered wtih 

aluminum foil to prevent light degradation. The sample containers from each 

CDD/CDF test run included those shown in Table 4.2 The XAD-2 resin was kept 

refrigerated. The other CDD/CDF samples were stored in coolers at 80°F or 

less. 

*40 CFR 60, July 1, 1987. 
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TABLE 4.2. CDD/CDF SAMPLING TRAIN COMPONENTS 

1. Component 1 (F) Filter(s) 

2. Component 2 (PR) Rinses of nozzle, probe, cyclone, transfer line, 
and front half of filter holder* 

3. Component 3 (CR) Rinses of back half of filter holder, Teflon jumper, 
and condenser* 

4. Component 4 (IC) First, second, third, and fourth impinger contents 

5. Component 5 (IR) First, second, third, and fourth impinger rinses* 

6. Component 6 (SM) XAD-2® resin 

7. Component 7 (SG) Silica gel 

*Rinses include acetone and methylene chloride in same container. 

4.9.5 Sample Analysis 

The CDD/CDF analysis was conducted by Triangle Laboratories in Research 

Triangle Park, North Carolina according to the ASME/EPA protocol (see Figure 

4.9). Samples collected in the front half (prior to and including the filter) 

and the back half (back half of the filter holder up to and including the 

impingers) of the sampling train were analyzed separately for QC purposes to 

ensure that the internal standards were not being lost in the front half 

portion. Extractions were completed within 30 days of sampling. The analyses 

included a high resolution gas chromatographic/high resolution mass 

spectrometric (HRGC/HRMS) screening for the mono- through octa-CDDs and CDFs. 

A confirmational analysis for the 2,3,7,8- substituted isomers was also 

conducted. Table 4.3 lists the specific compounds for which the analysis was 

performed. Details of the analysis are contained in Appendix C. 

4.9.6 Sample Train Blanks 

One field blank and a proof rinse blank for each sampling train were 

recovered. The field blank and one of the proof rinse blanks were analyzed as 

part of the test program. (Results for these samples are presented in Section 

5. 0.) 
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TABLE 4.3. CDD/CDF ISOMERS FOR WHICH 
ANALYTICAL RESULTS WERE REPORTED 

1. Total Monochlorinated dibenzo-p-dioxin (MCDD) 

2. Total Dichlorinated dibenzo-p-dioxins (DCDD) 

3. Total Trichlorinated dibenzo-p-dioxins (TrCDD) 

4. 2,3,7,8 Tetrachloro dibenzo-p-dioxin (2,3,7,8-TCDD) 

5. Total Tetrachlorinated dibenzo-p-dioxins (TCDD) 

6. 1,2,3,7,8 Pentachloro dibenzo-p-dioxin (1,2,3,7,8-PeCDD) 

7. Total Pentachlorinated dibenzo-p-dioxins (PeCDD) 

8. 1,2,3,4,7,8 Hexachloro dibenzo-p-dioxin (1,2,3,4,7,8-HxCDD) 

9. 1,2,3,6,7,8 Hexachloro dibenzo-p-dioxin (1,2,3,6,7,8-HxCDD) 

10. 1,2,3,7,8,9 Hexachloro dibenzo-p-dioxin (1,2,3,7,8,9-HxCDD) 

11. Total Hexachlorinated dibenzo-p-dioxins (HxCDD) 

12. 1,2,3,4,6,7,8 Heptachlorinated dibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD) 

13. Total Heptachlorinated dibenzo-p-dioxins (HpCDD) 

14. Total Octachlorinated dibenzo-p-dioxins (OCDD) 

15. Total Monochlorinated dibenzofurans (MCDF) 

16. Total Dichlorinated dibenzofurans (DCDF) 

17. Total Trichlorinated dibenzofurans (TrCDF) 

18. 2,3,7,8 Tetrachloro dibenzofurans (2,3,7,8-TCDF) 

19. Total Tetrachlorinated dibenzofurans (TCDF) 

20. 1,2,3,7,8 Pentachloro dibenzofuran (1,2,3,7,8-PeCDF) 

21. 2,3,4,7,8 Pentachloro dibenzofuran (2,3,4,7,8-PeCDF) 

22. Total Pentachlorinated dibenzofurans (PeCDF) 

23. 1,2,3,4,7,8 Hexachloro dibenzofuran (1,2,3,4,7,8-HxCDF) 

24. 1,2,3,6,7,8 Hexachloro dibenzofuran (1,2,3,6,7,8-HxCDF) 

25. 1,2,3,7,8,9 Hexachloro dibenzofuran (1,2,3,7,8,9-HxCDF) 

26. 2,3,4,6,7,8 Hexachloro dibenzofuran (2,3,4,6,7,8-HxCDF) 

27. Total Hexachlorinated dibenzofurans (HxCDF) 

28. 1,2,3,4,6,7,8 Heptachlorinated dibenzofurans (1,2,3,4,6,7,8-HpCDF) 

29. 1,2,3,4,7,8.9 Heptachlorinated dibenzofurans (1,2,3,4,7,8.9-HpCDF) 

30. Total Heptachlorinated dibenzofurans (HpCDF) 

31. Total Octachlorinated dibenzofurans (OCDF) 
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4.10 ASH SAMPLING AND ANALYSIS 

Ash samples were collected from six different locations during each CDD/CDF 

sampling run. For the bottom, economizer/generating bank, spray dryer, and ESP 

ash, equal volume grab samples were collected every 15 minutes over the flue 

gas sampling period beginning 15 minutes after flue gas sampling began and 

continuing for 15 minutes following the termination of sampling. This ash 

sampling procedure was designed to account for the processing time of the ash 

handling systems, so that the ash sampling was as simultaneous as possible with 

the flue gas sampling. 

At the end of each run, the composited grab samples from each location were 

mixed together. Following mixing, the ash was coned and quartered according to 

ASTM D 346-78 (see Appendix C). A 1-liter aliquot was saved in two 500 ml 

amber glass bottles. Upon completion of all the CDD/CDF sampling runs, half 

(one 500 ml jar) of each of the five integrated aliquots from each location was 

loaded into a cleaned mixing container. This ash was mixed, coned, and 

quartered. One 500 ml aliquot was saved in an amber glass bottle and one 40 ml 

aliquot in an amber glass vial. The 500 ml aliquot of this combined aliquot 

was analyzed for CDD/CDF, percent carbon (ASTM E 777), and percent combustibles 

(ASTM E 830). The 40 ml vial, along with 40 ml vials containing integrated 

samples for each separate run were archived. 

A flow chart of the ash sampling protocol is presented in Figure 4.10. 

4.11 LIME SLURRY SAMPLING AND ANALYSIS 

A lime slurry was collected from the spray dryer penthouse once near the 

middle of each CDD/CDF sampling run. Each sample was analyzed for percent 

solids and specific gravity. One of the samples collected over the course of 

the test program was analyzed for CDD/CDF. The remaining portions of the 

samples were archived. 
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Prior to Sampling: 

Ash Collection: 

Following Each 

Sampling Run: 

Following All 

Sampling Runs: 

1 . Rinse metal buckets and scoops with distilled water. 

2. Rinse out mixing container with distilled water. 

3. Allow equipment to dry. 

4. Clear out any overnight ash buildup from sampling ports. 

1 . Collect subsample once every 15 minutes beginning 15 minutes after 

flue gas sampling begins. 

1. Mix composited ash sample from each location separately. 

2. Cone and quarter to 1 liter (two 500 ml jars) using ASTM 0346-78. 

3. Using a scoop, place sample in precleaned amber glass bottles. 

4. Clean mixing equipment with distilled water. 

1 . Load half (500 ml) of integrated ash from each of 

five sampling runs for a single ash sampling location 

2. Mix. 

3. Allow ash dust to settle. 

4. Cone and quarter to 500 ml. 

5. Place sample in new precleaned amber glass bottle. 

6. Clean mixing equipment with distilled water. 

7. Send this sample (combined runs) for analysis. 

8. Archive 40 ml portion of remaining half of sample (single run) in 

amber glass vial. 

Figure 4.10. Ash sampling protocol. 
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5.0 QUALITY ASSURANCE/QUALITY CONTROL 

Important to any emission testing program are procedures to ensure the 

quality of the data obtained during the program. These procedures, referrred 

to as quality assurance/quality control (QA/QC), serve to document the quality 

of the data in terms of accuracy, precision, representativeness, completeness, 

and comparability; maintain the data quality within predetermined control 

limits; and provide guidelines for corrective actions if a particular procedure 

is out of control. 

This section presents the results of internal QA/QC activities performed by 

Entropy throughout the course of the test program along with results of audit 

samples supplied by EPA. External QA activities performed by EPA's Office of 

Research and Development and its contractor, Research Triangle Institute, are 

presented in a separate report which is reproduced in Appendix G. 

5.1 OVERVIEW OF QA/QC ACTIVITIES 

The detailed description of the QA/QC activities associated with this 

emission testing program was presented in the "QA/QC Project Plan, Municipal 

Waste Combustor Test Program, Millbury Resource Recovery Facility," dated 

Feburary 4, 1988, which was prepared prior to the test. In brief, the 

following QA/QC activities were conducted for this test program: 

• Established QC control criteria (see Table 5.1); 

• Established acceptance criteria and limits with appropriate corrective 
actions (see Table 5.2); 

• Internal QC including standard procedures for equipment and reagent prep
aration and QC checks in performance of standard methods for sample 
collection and analysis (see Section 4.0 of this report and the QA/QC 
Project Plan for details); 

• Specific sample custody procedures (see QA/QC Project Plan); 

• Calibration of sampling equipment and analytical instrumentation (see 
Appendix D); 

• On-site audits of sampling equipment; 

• Performance evaluation audits of analytical systems; and 

• External technical systems audits (see independent report by RTI in 
Appendix G). 

The results of these QA/QC activities are presented in the following sections. 
5-1 



TABLE 5.1. PROGRAM QUALITY CONTROL CRITERIA 

Measurement 
Parameter 
(Method) 

CDD/CDF 

EPA Method 3 

Reference 

ASME/EPA 
Protocolsc 

SW-846 
Method 0010d 

ES&T Articlee 

P . . a,h rec1s1on 

50%f 

6%f 

aAnalytical only, for manual sampling methods. 

bValid data percentage of total runs conducted. 

Accuracy 

50%g 

10%g 

Completeness b 

75% 

75% 

c"Sampling for the Determination of Chlorinated Organic Compounds in Stack 
Emissions" and "Analytical Procedures to Assay Stack Effluent Samples and 
Residual Combustion Products for Polychlorinated Dibenzo-p-dioxins and Diben
zofurans," prepared by Group C- Environmental Standards Workshop, sponsored 
by ASME/DOE/EPA, Draft December 31, 1984. 

d Method 0010: Modified Method 5 Sampling Train in Test Methods for 
Evaluating Solid Waste, Third Edition, Volume Two, U.S. Environmental 
Protection Agency Publication No. SW-846, November 1986. 

eMidgett, M.R. "How EPA Validates NSPS Methodology." Environmental Science 
and Technology., Vol. 11, No.7. July 1977, pp. 655-659. 

f Percent difference for duplicate analyses, where: 

%D = First Value - Second Value x 100% 
0.5 (First + Second Values) 

gRelative error (%) for audit analyses and spiked compounds, where: 

%E = Measured Value Actual (Spiked) Value x 100% 
Actual (Spiked) Value 

hp · · d b d EPA 11 b t . rec1s1on an accuracy ase on co a ora 1ve tests. 
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TABLE 5.2. SUMMARY OF ACCEPTANCE CRITERIA, CONTROL LIMITS, 
AND CORRECTIVE ACTIONS 

Criteria Control Limitsa,b Corrective Action 

Method 3 

Flexible bag leaks 

Train leaks 

Analyzer leaks 

Triplicate analysis 
for co

2 

Triplicate analysis 
for o

2 

Manual Sampling 

Flow Alignment 

Isokinetics 

Final Leakrate 
(after each port) 

Dry gas meter 
calibration 

Individual Correction 
Factor (Yi) 

Intermediate Dry 
Gas Meter 

CDD/CDF Analytical Results 

Internal Standard 
Recoveries 

Surrogate Recoveries 

Verfication of 
Identification 

1) Ratio of M+ to M+2 or 
M+2 to M+4 

2) Retention Time 

3J Signal to Noise Ratio 

(continued) 

None 

None; 10 in. Hg vacuum 
stable for > 30 sec 

< 0.2 ml for 4 minutes 

Any three analyses 
by 0.3% absolute 
or < 0.2% absolute 

differ by 
(C0

2 
>4%) 

(C02 ~4%) 

Any three analyses differ by 
by < 0.2% (02 ~15%) 
or < 0.3% (02 <15%) 

Avg. resultant angle 
within 20° 

100 + 10% 

< 0.02 acfm or 4% of 
sampling rate, whichever 
is less 

Post average factor (Y) agree 
+ 5% of pre-factor 

Agree within 2% of 
average factor 

Calibrated every six months 
against EPA standard 

100 + 50% 

100 + 50% 

Within 20% of theoretical 
value, except for TCDD/TCDF 
which are taken within 13% 

Within 3 seconds of the 
13 corresponding or nearest C 

internal standard or surrogate 
standard (with reference to 
continuing calibration) 

Greater than 2.5 

5-3 

Replace bag 

Replace items as necessary 

Check connections 

Continue to repeat 
analysis until control 
limit is met 

Continue to repeat 
analysis until control 
limit is met 

Adjust flow data to correct 
for misalignment based on 
misalignment angles 

Qualify data 

Adjust sample 
volume for port 

Adjust sample volumes using 
the Y that gives smallest 
volume 

Redo correction factor 

Recalibrate against EPA 
standard 

He-extract and 
reanalyze 

No action 

Reconsider peak 
identification 

Reconsider peak 
identification 

Reconsider peak 
identification 



TABLE 5.2. 

Criteria 

Lab Proof Blank 

Reagent Blank 
(if analyzed) 

Field Blank 

Audit Sample 

Duplicates 

(continued) 

Control Limitsa,b 

Less than target limits of 
detection 

Less than target limits of 
detection 

Less than target limits of 
detection 

Relative error ~ 50% 

Percent difference < 50% 

aRelative error (%) derived from audit analyses, where: 

Measured Value - Actual Value 
Percent Error = x 100% 

Actual Value 

bPercent difference (%) for duplicate analyses, where: 

First Value - Second Value 
Percent Difference = x 100% 

0.5 (First + Second Values) 
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Corrective Action 

Determin~ source of contam
ination; change reagents 
and/or reclean glassware 

Change reagents 

Determine source of contam
ination; change reagents 
and/or reclean glassware 

Reanalyze 

Reanalyze 



5.2 ON-SITE AUDIT OF SAMPLING EQUIPMENT 

An on-site audit was performed on the meter box used for the CDD/CDF samp

ling using a critical orifice supplied by EPA's Quality Assurance Division. 

The data are summarized in Table 5.3. Entropy used the procedures described in 

Part 40 of the Code of Federal Regulations, Title 60, Appendix A, Method 5. 

Section 7.2.3 to perform the audit. 

TABLE 5.3. METER BOX AUDIT 

Meter Box No. 

N-16 

Dry Gas Mete3 
vm(std)' ft 

3.895 

Critical Orif~ce 
vm(std)' ft 

3.860 

5.3 CDD/CDF SAMPLING AND ANALYSIS 

Percent Within Allowable 
Difference Limits 

-0.91 

As detailed in the "QA/QC Project Plan" for the test program and in 

Triangle Laboratories "Case Narrative" for sample analysis, all CDD/CDF samples 

were spiked with known amounts of internal standards and surrogate standards 

prior to extraction and analysis. The recoveries for the internal standards 

were used to adjust the reported values for the native CDD/CDF isomers. The 

surrogate recoveries were used to provide additional information on the 

extraction efficiency, but were not used to adjust the results. 

Table 5.4 summarizes the internal standard recoveries for both the general 

analysis for all CDD/CDF isomers and the confirmational analysis for the 

2,3.7,8-substituted isomers. The QC objectives for this test program indicated 

a range for both internal standard and surrogate recoveries of 50 to 150%. As 

found in previous studies, the internal standard recoveries for the front half 

of the flue gas emission samples were generally less than those for the corres

ponding back half samples, but all were well within the acceptable range. The 

internal standard recoveries were low for some of the labeled isomer spikes in 

some of the ash samples. The internal standard recoveries were low for all 

labeled isomers in the lime slurry sample and in one method blank sample. 

However, these samples showed no evidence of significant CDD/CDF content and 

were not reanalyzed. 
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TABLE 5.4. INTERNAL STANDARD RECOVERIES FOR CDD/CDF ANALYSES 

Recovery (%) 

General Analysis Confirmational 

Analysis 

s ample* 2378- 13c 12 -TCDD 1 3c 12 -PCDD 1 3c 12 -HxCDD 13c12 -HpCDD 13c -OCDD 12 2378- 1 3c12 -TCDD 1 3c 12 -TCDF 

Flue G 

MM5-IN 

MM5-IN 

MM5-IN 

MM5-IN 

MM5-IN 

MM5-IN 

MM5-IN 

MM4-IN 

MM5-IN 

MM5-IN 

MM5-IN 

Proces 

ASH-BO 

ASH-EC 

ASH-SP 

ASH-ES 

ASH-ES 

ASH-ES 

LIME 

Blanks 

Sample 

MM5-IN 

MM5-IN 

TLI ME 

TLI ME 

as 

-1 (FH) 

-1 (BH) 

-2 (FH) 

-2 (BH) 

-3 (FH) 

-3 (BH) 

-4 (FH) 

-4 (BH) 

-5 (FH) 

-5 (BH) 

-4 (TR) 

s 

TTOM 

ON/GEN 

RAYDR 

PALL 

p 2,3 

p 3 

Audit 

s 

-FB 

-LABPB 

TH BL 1 

TH BL 2 

TLI ME TH BL 3 

TLI ME TH BL 4 

FLY ASH AUD 

XAD AU D F-130 

XAD AU D F-145 

XAD AU D F-176 

#1 

#2 

#3 

#4 

#5 

#6 

#7 
#8 

#10 

#11 

#9 

#13 

#14 

#15 

#18 

#16 

#17 

#19 

#12 

#20 

#21 

#22 

#23 

#24 

97 112 97 

96 108 58 109 

100 137 81 110 

91 79 72 105 

76 73 84 96 

95 131 87 154 

78 115 74 102 

82 116 71 114 

91 150 76 132 

124 218 112 136** 

75 68 54 93 

90 77 61 89 

60 49 39 40 

65 54 44 37 
88 61 55 62 

71 71 45 53 

72 57 50 63 

48 33 34 41 

96 128 106 125 

95 165 90 134 

74 89 57 93 

75 80 96 86 

85 81 63 95 

32 37 21 29 

67 51 37 44 

75 62 43 100 

86 77 55 90 

70 85 46 82 

*FH - front half sample; BH - back half sample; TR - toluene rinse sample. 

80 98 

125 95 

92 82 

93 95 
64 85 

140 111 

84 88 

114 94 

135 81 

142** 84 

97 88 

80 106 

36 56 

29 65 

57 94 

38 68 

62 78 

45 47 

84 83 

136 83 

109 --
55 --

105 31 

13 --
39 68 

70 84 

62 91 

85 --
"== ==' 

# corresponds to number on Entropy sample inventory and Triangle Laboratories' analytical printouts. 

**Quantitative interference. 
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95 

94 

82 

93 

99 

93 

96 

78 

82 

77 

73 

92 

52 

59 

91 

60 

72 

44 

73 
68 

--
-
23 

--
52 

74 

83 

--



Surrogate standards were added to the samples at two different times for 

this sampling program. A known amount of the surrogate mixture was used as a 

field sampling spike in all XAD-2 resin trap fractions and was added to each 

trap prior to shipment to the field. The surrogate recovery results presented 

in Table 5.5 for the front half samples thus account for losses during sampling 

and analysis. The recovery of these field spikes was very good, ranging from 

94 to 160 percent. Surrogate standards were added to the back half fractions 

during sample preparation prior to extraction. Recovery of these standards was 

also very good, ranging from 81 to 141 percent (see Table 5.5). Surrogate 

recoveries for all the process and quality assurance samples were also very 

good, with the exception that the recovery of 13C -HxCDF was slightly above 
12 

the 150 percent limit of the QA/QC range for several of the samples. 

Table 5.6 presents the CDD/CDF results for the three different types of 

blanks collected and analyzed during the Millbury test program. Proof rinse 

blanks were collected from all trains used for CDD/CDF sampling at the inlet. 

One of these proof rinse blank samples was selected and analyzed for CDD/CDF. 

The remaining proof rinse blank samples were archived. The proof rinse blank 

is used to quantify the background levels of CDD/CDF from the glassware and 

recovery equipment. Each train used was charged and then recovered as it would 

be for a test run. The majority of CDD/CDF isomers were not detected or were 

detected in very small quantities in the proof blank analyzed. The OCDD level 

in the proof rinse blank was, however, in the range of that in the inlet 

emission samples. In terms of 2,3,7,8-TCDD toxic equivalents, this would have 

no impact, since the 2,3,7,8-TCDD toxic equivalent factor for OCDD is 0.000. 

Triangle Laboratories analyzed two method blanks with each of the two 

analyses conducted on the Millbury samples. These blanks are used to verify 

that the reagents and equipment used in the analysis are free of contamina

tion. The results for one method blank from each analysis are presented in 

Table 5.6. Only OCDD in trace quantities was detected in all of the method 

blanks. All these values were close to the detection limit and are therefore 

considered insignificant. 

A field blank was collected from one sampling train that had been previously 

used for CDD/CDF sampling at the inlet. This train was charged with reagents 

and placed at the inlet sampling location during an entire test run and it was 

later recovered. Field blanks are used to assess the level of sample 
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TABLE 5.5. SURROGATE STANDARD RECOVERIES FOR CDD/CDF ANALYSES 

Recovery (%) 

General Analysis Confirmational Analysis 

Sample* 

MM5-IN-1 (FH) 

MM5-IN-1 (BH) 

MM5-IN-2 (FH) 

MM5-IN-2 (BH) 

MM5-IN-3 (FH) 

MM5-IN-3 (BH) 

MM5-IN-4 (FH) 

MM5-IN-4 (BH) 

MM5-IN-5 (FH) 

MM5-IN-5 (BH) 

MM5-IN-4 (TR) 

Process 

ASH-BOTTOM 

ASH-ECON/GEN 

ASH-SPRAYDR 

ASH-ESPALL 

ASH-ESP2,3 

ASH-ESP3 

LIME 

Blanks, 

Audit Samples 

MM5-IN-FB 

MM5-IN-LABPB 

TLI METH BL 1 

TLI METH BL 2 

TLI METH BL 3 

TLI METH BL 4 

FLYASH AUD 

XAD AUD 

XAD AUD 

XAD AUD 

#1 

#2 

#3 

#4 

#5 

#6 

#7 
#8 

#10 

#11 

#9 

#13 

#14 

#15 

#18 

#16 

#17 

#19 

#12 

#20 

#21 

#22 

#23 

#24 

----------------~--------------,-· 
13c 12 -TCDF 

94 

81 

108 

85 

108 

99 
98 

89 

98 

94 

90 

88 

96 

97 

93 

94 

104 

96 

95 

95 
80 

87 

86 

91 

112 

110 

118 

86 

37 Cl-TCDD 

107 

86 

90 

85 

96 
85 

99 
94 

99 
93 

92 

91 

97 

96 
94 

96 
102 

93 

94 

95 

94 

86 

93 
84 

102 

97 
101 

96 

139 
141 

144 

130 

160 

135 

136 

125 

135 

130 

159 

143 

142 

172 

149 

143 

179 

138 

135 

125 

138 

143 

134 

127 
168 
196 

179 

126 

37cl-TCDD 

105 

95 

105 

96 
105 

98 

113 

97 

109 

100 

110 

104 

111 

108 

107 

107 

105 

106 

108 

108 

109 

106 

=========----==-=======--==-...!:::::.... __ ==-"-=--===========-==---==----==========--= 

*FH - front half sample; BH -back half sample; TR - toluene rinse sample. 

#corresponds to number on Entropy sample inventory and Triangle Laboratories' 

analytical printouts. 
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TABLE 5.6. SAMPLE BLANK AND TOLUENE RINSE RESULTS FOR CDD/CDF ANALYSES 

Analyte 

Dioxins 
Total MCDD 
Total DCDD 
Total TriCDD 
2378-TCDD 
Total TCDD 
12378-PCDD 
Total PCDD 
123478-HxCDD 
123678-HxCDD 
123789-HxCDD 
Total HxCDD 
1234678-HpCDD 
Total HpCDD 
OCDD 

Furans 
Total MCDF 
Total DCDF 
Total TriCDF 
2378-TCDF 
Total TCDF 
12378-PCDF 
23478-HxCDF 
Total PCDF 
123478-HxCDF 
123678-HxCDF 
234678-HxCDF 
123789-HxCDF 
Total HxCDF 
1234678-HpCDF 
1234789-HpCDF 
Total HpCDF 
OCDF 

Laboratory 
Proof Blank 

ND (0.008) 
ND (0.020) 
ND (0.050) 
ND [0.010] 
ND [0.158] 
ND (0.010) 
ND (0.010) 
ND [0.019] 
0.030 
0.044 
0.158 
0.977 
1.824 
13.016 

ND (0.005) 
ND (0.035) 
0.623 
ND (0.010) 
0.017 
ND [0.009] 
0.010 
0.051 
0.053 
0.015 
ND (0.013) 
ND (0.018) 
0.192 
0.220 
ND (0.010) 
0.420 
0.491 

Results in Total ng per Sample* 

Analytical 
Method Blank #1** 

ND (0.010) 
ND (0.018) 
ND (0.050) 
ND (0.015) 
ND (0.015) 
ND (0.018) 
ND (0.018) 
ND (0.028) 
ND (0.028) 
ND (0.033) 
ND [0.552] 
ND (0.022) 
ND (0.022) 
0.134 

ND (0.008) 
ND (0.025) 
ND (0.028) 
ND (0.010) 
ND (0.010) 
ND (0.013) 
ND (0.013) 
ND (0.013) 
ND (0.018) 
ND (0.015) 
ND (0.020) 
ND (0.028) 
ND (0.018) 
ND (0.013) 
ND (0.015) 
ND (0.015) 
ND (0.025) 

Analytical 
Method Blank #4** 

ND (0.005) 
ND (0.013) 
ND (0.022) 
ND (0.010) 
ND (0.010) 
ND (0.015) 
ND (0.015) 
ND (0.008) 
ND (0.005) 
ND (0.010) 
ND [0.009] 
ND [0.011] 
ND [0.011] 
0.146 

ND (0.005) 
ND (0.018) 
ND (0.015) 
ND (0.005) 
ND (0.005) 
ND (0.008) 
ND (0.010) 
ND (0.008) 
ND (0.005) 
ND (0.003) 
ND (0.005) 
ND (0.008) 
ND (0.005) 
ND (0.003) 
ND (0.005) 
ND (0.005) 
ND (0.020) 

Field Blank 

ND (0.015) 
ND (0.035) 
ND (0.085) 
ND [0.010] 
ND [0.086] 
ND (0.020) 
ND [0.021] 
ND (0.043) 
ND (0.033) 
ND (0.048) 
ND [0.501] 
0.151 
0.312 
0.841 

ND (0.010) 
ND (0.060) 
0.352 
0.030 
0.128 
0.034 
0.064 
0.241 
0.204 
ND [0.042] 
ND [0.043] 
ND (0.040) 
0.430 
0.301 
ND (0.030) 
0.398 
0.402 

*ND- not detected. Detection limits are shown in parentheses ( ); estimated maximum 
possible concentrations for analytes found above the detection limit, but not meeting 
all the qualitative identification criteria, are shown in brackets [ ]. 

**Highest of two method blanks reported for each analysis. 
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Toluene Rinse 

ND (0.015) 
ND (0.030) 
ND (0.080) 
ND [0.010] 
ND (0.025) 
ND (0.037) 
ND (0.037) 
ND (0.048) 
ND (0.048) 
ND (0.055) 
ND [0.545] 
0.069 
0.149 
0.335 

ND (0.015) 
ND (0.043) 
ND (0.045) 
0.010 
ND (0.018) 
ND (0.025) 
ND (0.028) 
0.089 
ND (0.028) 
ND (0.025) 
ND (0.033) 
ND (0.045) 
ND (0.030) 
0.060 
ND (0.025) 
0.068 
ND (0.043) 



contamination introduced by charging, handling, recovering, and transporting 

the trains. The field blank results (see Table 5.6) were relatively low in 

relation to the values obtained for the inlet samples. 

Results of another sample taken for QC purposes are also presented in Table 

5.6. Preliminary data from a previous study had indicated that toluene might 

serve as a better recovery solvent for CDD/CDF emission sampling. In light of 

this, a final rinse of each sampling train was made using toluene. One of 

these rinses was analyzed for CCD/CDF. The remaining toluene rinse samples were 

archived. As seen in Table 5.6, there was no indication of significant CDD/CDF 

residue left in the train which was caught by the toluene rinse. Therefore, 

the remaining toluene samples were not analyzed. 

Four audit samples were submitted to Triangle Laboratories for analysis 

along with the emission and process samples. These included three spiked XAD-2 

sorbent modules supplied by the Quality Assurance Division of EPA's Environ

mental Monitoring Systems Laboratory and one fly ash audit sample obtained from 

EPA's Environmental Monitoring Systems Laboratory in Las Vegas, Nevada. 

Figures 5-1, 5-2, and 5-3 present the results for the spiked XAD audit samples. 

The fly ash audit sample contained 1.75 ng/g of 2,3,7,8-TCDD and the value 

reported by the laboratory was 1.68 ng/g of 2,3.7,8-TCDD; this is a percent 

error of 4.0%. 

5.4 SUMMARY OF ACHIEVED DATA QUALITY OBJECTIVES 

A summary of the achieved precision, accuracy, and completeness objectives 

is presented in Table 5.7. All measured objectives were achieved. It was not 

possible to quantify the accuracy of the Method 3 sampling and analysis because 

no audit sample was available. Also, it was not possible to quantify the 

precision of the CDD/CDF analysis because, as a cost savings, no samples were 

analyzed in duplicate. 
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U.S. EPA QUALITY ASSURANCE DIVISION DIOXIN/FURAN AUDIT FORM 

AUDITEE Triangle Lab ADDRESS RTP, NC 
AUDIT SAMPLE NO. 130 DATE OF AUDIT 3/24/88 

Compound Auditee Result Compound Auditee Result 
(ng/sample) (ng/sample) 

2378-TCDD 0.6 2378-TCDF 1.55 
Other TCDD 8.595 Other TCDF 74.307 
12378-PCDD 2.608 12378-PCDF 3.084 
Other PCDD 23.098 23478-PCDF 4.471 
123478-HxCDD 7.033 Other PCDF 47.871 
123678-HxCDD 9-398 123478-HxCDF 29.336 
123789-HxCDD 22.483 123678-HxCDF 14.916 
Other HxCDD 56.553 123789-HxCDF ( 1. 557) 
1234678-HpCDD 28.571 234678-HxCDF 13.988 
Other HpCDD 24.858 Other HxCDF 59.016 
OCDD 33.677 1234678-HpCDF 29.847 

1234789-HpCDF 1.776 
Other HpCDF 14.292 
OCDF 5.783 

The results of the above performance audit sample are as follows: 

RESULTS OF THE POLYCHLORINATED DIBENZODIOXINS (CDD) 

1) 2 of the 11 different CDD are not within the 90% confidence intervals. 
2) 1 of the 11 different CDD are not within 50% of the 90% confidence intervals. 

RESULTS OF THE POLYCHLORINATED DIBENZOFURANS (CDF) 

3) 2 of the 14 different CDF are not within the 90% confidence intervals. 
4) 1 of the 14 different CDF are not within 50% of the 90% confidence intervals. 

RESULTS BASED ON A 2,3,7,8-TCDD TOXIC EQUIVALENCY FACTORS 

5) Based on the 2,3.7.8-TCDD toxic equivalency factors, the average percent error 
outside the 90% confidence limits was 1.9% with an average bias of +1.9%. 

Note: For those CDD and CDF reported as not detected by the Auditee, three times 
the reported detection limit (in parentheses) was used for the calculations. 
The identical procedure was used for calculating the confidence intervals. 

Figure 5-1. Audit sample results for CDD/CDF audit sample 130. 
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U.S. EPA QUALITY ASSURANCE DIVISION DIOXIN/FURAN AUDIT FORM 

AUDITEE Triangle Lab ADDRESS RTP, NC 
AUDIT SAMPLE NO. _ _;:1;...:.4~5 _____ DATE OF AUDIT _ _..3<J_/=24~/c....:8o..;;8 _______ _ 

Compound 

2378-TCDD 
Other TCDD 
12378-PCDD 
Other PCDD 
123478-HxCDD 
123678-HxCDD 
123789-HxCDD 
Other HxCDD 
1234678-HpCDD 
Other HpCDD 
OCDD 

Auditee Result 
(ng/sample) 

0.96 
6.237 
1.595 
14.134 
5.110 
4.118 
11.616 
32.424 
20.805 
20.033 
28.671 

Compound 

2378-TCDF 
Other TCDF 
12378-PCDF 
23478-PCDF 
Other PCDF 
123478-HxCDF 
123678-HxCDF 
123789-HxCDF 
234678-HxCDF 
Other HxCDF 
1234678-HpCDF 
1234789-HpCDF 
Other HpCDF 
OCDF 

The results of the above performance audit sample are as follows: 

RESULTS OF THE POLYCHLORINATED DIBENZODIOXINS (CDD) 

Auditee Result 
(ng/sample) 

1.36 
38.183 
2.015 
2.593 
31.99 
15.545 
7.350 
0.585 
7.922 
34.325 
19.960 
1.620 
10.918 
13.105 

1) 1 of the 11 different CDD are not within the 90% confidence intervals. 
2) 1 of the 11 different CDD are not within 50% of the 90% confidence intervals. 

RESULTS OF THE POLYCHLORINATED DIBENZOFURANS (CDF) 

3) 2 of the 14 different CDF are not within the 90% confidence intervals. 
4) 2 of the 14 different CDF are not within 50% of the 90% confidence intervals. 

RESULTS BASED ON A 2,3,7,8-TCDD TOXIC EQUIVALENCY FACTORS 

5) Based on the 2,3,7.8-TCDD toxic equivalency factors, the average percent error 
outside the 90% confidence limits was 8.6% with an average bias of +8.6%. 

Note: For those CDD and CDF reported as not detected by the Auditee, three times 
the reported detection limit (in parantheses) was used for the calculations. 
The identical procedure was used for calculating the confidence intervals. 

Figure 5-2. Audit sample results for CDD/CDF audit sample 145. 
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U.S. EPA QUALITY ASSURANCE DIVISION DIOXIN/FURAN AUDIT FORM 

AUDITEE Triangle Lab ADDRESS RTP, NC 
AUDIT SAMPLE NO. _.....;1~7...:::6 ______ DATE OF AUDIT ---=3'-L../..:::2...:...4 /c......:8::...:8:..__ ______ _ 

Compound 

2378-TCDD 
Other TCDD 
12378-PCDD 
Other PCDD 
123478-HxCDD 

. 123678-HxCDD 
123789-HxCDD 
Other HxCDD 
1234678-HpCDD 
Other HpCDD 
OCDD 

Auditee Result 
(ng/sample) 

(0.135) 
(0.135) 
(0.204) 
(0.204) 
(0.321) 
(0.249) 
(0.375) 
(0.309) 
0.337 
0.771 
4.818 

Compound 

2378-TCDF 
Other TCDF 
12378-PCDF 
23478-PCDF 
Other PCDF 
123478-HxCDF 
123678-HxCDF 
123789-HxCDF 
234678-HxCDF 
Other HxCDF 
1234678-HpCDF 
1234789-HpCDF 
Other HpCDF 
OCDF 

Auditee Result 
(ng/sample) 

(0.099) 
(0.099) 
(0.120) 
(0.129) 
(0.120) 
(0.165) 
(0.129) 
(0.294) 
(0.204) 
(0.180) 
0.091 

(0.150) 
0.107 
0.200 

The results of the above performance audit sample are as follows: 

RESULTS OF THE POLYCHLORINATED DIBENZODIOXINS (CDD) 

1) 1 of the 11 different CDD are not within the 90% confidence intervals. 
2) 1 of the 11 different CDD are not within 50% of the 90% confidence intervals. 

RESULTS OF THE POLYCHLORINATED DIBENZOFURANS (CDF) 

3) 0 of the 14 different CDF are not within the 90% confidence intervals. 
4) 0 of the 14 different CDF are not within 50% of the 90% confidence intervals. 

RESULTS BASED ON A 2,3,7,8-TCDD TOXIC EQUIVALENCY FACTORS 

5) Based on the 2,3,7.8-TCDD toxic equivalency factors, the average percent error 
outside the 90% confidence limits was 0.00% with an average bias of 0.00%. 

Note: For those CDD and CDF reported as not detected by the Auditee, three times 
the reported detection limit (in parantheses) was used for the calculations. 
The identical procedure was used for calculating the confidence intervals. 

Figure 5-3. Audit sample results for CDD/CDF audit sample 176. 
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TABLE 5.7. SUMMARY OF ACHIEVED DATA QUALITY OBJECTIVES 

Measurement 
Parameter 
(Method) 

CDD/CDF 

EPA Method 3 

Reference 

ASME/EPA 
Protocolsc 

SW-846 
Method 0010d 

ES&T Articlee 

P . . a,h,f rec1.s1.on 

NA 

<1.1% 

aAnalytical only, for manual sampling methods. 

bValid data percentage of total runs conducted. 

Accuracyg Completeness 

i 100% 

NA 100% 

b 

c"Sampling for the Determination of Chlorinated Organic Compounds in Stack 
Emissions" and "Analytical Procedures to Assay Stack Effluent Samples and 
Residual Combustion Products for Polychlorinated Dibenzo-p-dioxins and Diben
zofurans," prepared by Group C- Environmental Standards Workshop, sponsored 
by ASME/DOE/EPA, Draft December 31, 1984. 

d Method 0010: Modified Method 5 Sampling Train in Test Methods for 
Evaluating Solid Waste, Third Edition, Volume Two, U.S. Environmental 
Protection Agency Publication No. SW-846, November 1986. 

eMidgett, M.R. "How EPA Validates NSPS Methodology." Environmental Science 
and Technology., Vol. 11, No. 7. July 1977. pp. 655-659. 

f Percent difference for duplicate analyses, where: 

%D = First Value - Second Value x 100% 
0.5 (First + Second Values) 

gRelative error (%) for audit analyses and spiked compounds, where: 

%E Measured Value Actual (Spiked) Value x 100% 
Actual (Spiked) Value 

hp · · d b d EPA 11 b . reclsJ.on an accuracy ase on co a orat1.ve tests. 

iSee Figures 5-l, 5-2, and 5-3. 
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APPENDIX A 

TEST RESULTS AND EXAMPLE CALCULATIONS 

• Flue Gas Sampling Field Data, Emission Results, 
CDD/CDF Isomer Calculations 

• Process Sample CDD/CDF Isomer Calculations 

• Example Calculations 
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PLANT 

SAMPLING LOCATION 

OPERATOR 

BAR.PRESS., in Hg 

STATIC PRESS.in H20 

LEAK TEST VACUUM,in.Hg 

LEAK RATE,CFM 

RUN START TIME 

RUN STOP TIME 

TOTAL NET RUN TIME (Minutes) 

PITOT TUBE COEFFICIENT 

GAS METER CALIB. FACTOR (Y) 

EST. DRY MOL. WT.(Lb/Lb-Mole) 

STACK/DUCT AREA (in2) 

Sample Sample Dry Gas 
Point Time Met. 

No. (min) (Cu.Ft) 
1 0 651.343 
2 10 653.850 
3 20 656.500 
4 30 659.640 
5 40 661.150 
6 50 665.870 
7 60 668.910 
8 70 672.070 
9 80 677.181 
10 90 680.720 
11 100 684.130 
12 110 687.760 
13 120 691.650 
14 130 693.100 
15 140 696.130 
16 150 699-370 
17 160 702.810 
18 170 706.030 
19 180 709.195 
20 190 712.300 
21 200 715.510 
22 210 7l'J.000 
23 220 722.11110 
24 230 7::5.8110 

240 7::';.085 

FINAL 
DIFF/AVGS. 77-733 

FIELD DATA 

Wheelabrator Environmental Systems 

Unit 2 Inlet 

Tom McDonald 

29-7000 

-2.2500 

15.0000 

0.0080 

08:58 

15:38 

240 

0.840 

1.006 

29.92 

8,659.0 

ANALYTICAL RESULTS DATA 

Pit.Vel Or if. "H Gas Met 
Head (inll20) (inH20) Temp. 

(inH20) Ideal Actual oF 
0.34 0.00 0.21 74 
0.34 0.00 0.20 76 
0.53 0.00 0.21 78 
0.51 0.00 0.24 80 
0.59 0.00 0.33 81 
0.56 0.00 0.34 84 
0.54 0.00 0.32 86 
0.51 0.00 0.33 87 
0.53 0.00 0.35 84 
0.56 0.00 0.30 86 
0.48 0.00 0.27 86 
0. 44 0.00 0.27 87 
0.43 0.00 0.31 87 
0.49 0.00 0.35 87 
0.56 0.00 0.38 87 
0.61 0.00 0.32 87 
0.52 0.00 0.31 88 
0.50 0.00 0.32 88 
0.51 0.00 0.34 88 
0.54 0.00 0.39 88 
0.63 0.00 0.36 88 
0.57 0.00 0.37 89 
0.59 0.00 0.32 89 
0.52 0.00 0.35 89 

0.51 0.31 85 
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DATE 

RUN NUMBER 

NOZZLE # 

NOZZLE DIAMETER,inches 

METER BOX NUMBER 

METER BOX .H@ 

ASSUMED MOISTURE, % 

TOT VOL. H20 COLL.(ml) 

TOTAL CATCH -

Tot·al CDD 

TOTAL CATCH -

Total CDF 

TOTAL CATCH -

Total CDD/CDF 

Filter Conden. Imp.Ex. 
Temp Temp. Temp. 

oF oF oF 
260.0 28 59 
261.0 30 52 
247.0 29 49 
246.0 30 48 
249.0 30 49 
250.0 31 48 
257.0 31 50 
251.0 33 51 
230.0 31 52 
249.0 32 53 
253.0 32 55 
251.0 33 54 
251.0 33 52 
250.0 33 55 
251.0 34 53 
251.0 34 56 
249.0 35 59 
249.0 35 61 
250.0 34 57 
251.0 34 58 
251.0 34 59 
251.0 35 55 
252.0 34 52 
251.0 35 51 

2/8/88 

2-MM5-I-1 

905 

0.181 

Nutech 10 

1. 75 

12.0 

226.0 

92.887 

363.836 

456.723 

Stack 
Temp 

oF 
430 
431 
435 
436 
434 
430 
434 
437 
436 
438 
443 
438 
435 
437 
442 
446 
442 
443 
449 
447 
452 
.!fU 
446 
445 

440 

ng 

ng 

ng 

Leak 
Chec 

(u40,4 

729.0 
729.0 

~.~·~: 



2/8/88 

Theta 

Dia 

Cp 
y 

Pbar 

Delta H 

Vm 

tm 

Vm(std) 

Vlc 

Vw(std) 

%H20 

Mfd 

%C02 

%02 

Fo 

Md 

Ms 

Pg 

Ps 

ts 

Delta p 

vs 

A 

Qsd 

Qaw 

%I 

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS 

Wheelabrator Environmental Systems 

Run Start Time 
Run Finish Time 

Net Run Time, Minutes 

Net Sampling Points 

Nozzle Diameter, Inches 

Pitot Tube Coefficient 

Dry Gas Meter Calibration Factor 

Barometric Pressure, Inches Hg 

Avg. Pressure Differential of 
Orifice Meter, Inches H20 

Volume of Metered Gas Sample, Dry ACF 

Dry Gas Meter Temperature, Degrees F 

Volume of Metered Gas Sample, Dry SCF 

Total Volume of Liquid Collected 
in Impingers and Silica Gel, ml 

Volume of Water Vapor, SCF 

Moisture Content, % by Volume 

Dry Mole Fraction 

Percent C02 by Volume, Dry 

Percent 02 by Volume, Dry 

Orsat Validation Value 

Estimated Dry Molecular Wt, Lb/Lb-Mole 

Wet Molecular Weight, Lb/Lb-Mole 

Flue Gas Static Pressure, in. Hg 

Absolute Flue Gas Press., in Hg 

Flue Gas Temperature, Degrees F 

Average Velocity Head, in. H20 

Flue Gas Velocity, Ft/Sec 

Stack/Duct Area, Sq. Inches 

Volumetric Air Flow Rate, Dry SCFM 

Volumetric Air Flow Rate, Wet ACFM 

Isokinetic Sampling Rate, % 

2-MM5-I-l 

08:58 
15:38 

240 

24 

0.181 

0.840 

1.006 

29.700 

0.312 

77.733 

85.2 

75.208 

226.0 

10.638 

12.39 

0.876 

9.4 

10.3 

1.128 

29.92 

28.44 

-2.250 

29.535 

440 

0.5140 

53.28 

8,659 

97,568.0 

192,221.1 

108.1 

*Standard conditions: 68°F and 29.92 inches of Hg. 
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2/8/88 

ng 

mg/dscm 

gr/dscf' 

lb/hr 

kg/hr 

ng 

mg/dscm 

gr/dscf' 

lb/hr 

kg/hr 

ng 

mg/dscm 

gl'/dscf' 

lb/hr 

EMISSIONS RESULTS 

Wheelabrator Envil'onmental Systems 

FLUE GAS TEMPERATURE 

Degrees Fahrenheit 

Degrees Centigl'ade 

AIR FLOW RATES x million 

Actual Cubic Meters/hi' 

Actual Cubic Feet/hr 

Dry Std. Cubic Meters/hr 

Dry Std. Cubic Feet/hr 

CONCENTRATIONS AND EMISSION RATES - PMRc 

Total COD 

Catch 

Concentration, mg/dscm 

Concentration, grains per dscf 

Emission Rate, lb/hl' (PMRc) 

Emission Rate, kg/hr (PMRc) 

Total CDF 

Catch 

Concentration, mg/dscm 

Concentl'ation, grains per dscf 

Emission Rate, lb/hl' (PMRc) 

Emission Rate, kg/hl' (PMRc) 

Total CDD/CDF 

Catch 

Concentl'ation, mg/dscm 

Concentl'ation, gr·ains per dscf 

Emission Rate, lb/hr (PMRc) 

2-MM5-I-1 

439.6 

226.4 

0.3266 

11.5333 

0.1658 

5·8541 

92.887 ng 

0.044 X 

0.019 X 

0.016 X 

0.007 X 

363.836 ng 

0.171 X 

0.075 X 

0.062 X 

0.028 X 

10E-3 

10E-6 

10E-3 

10E-3 

10E-3 

10E-6 

lOE-3 

lOE-3 

456.723 ng 

0.214 x 101::-3 

0.094 X 101::-6 

0.078 x lOE-3 

Note: Concentrations and emission rates not corrected to 12% C02 . 
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Job Name: Millbury 

EEl Ref#: 3516 

Run IDs: 2-MM5-IN-1 

NAME 

TOTAL MCDD 

TOTAL DCDD 

TOTAL TriCDD 

2378-TCDD 

OTHER TCDD 

12378-PCDD 

OTHER PCDD 

123478-HxCDD 

123678-HxCDD 

123789-HxCDD 

OTHER HxCDD 

1234678-HpCDD 

OTHER HpCDD 

OCDD 

TOTAL MCDF 

TOTAL DCDF 
i 

TOTAL TriCDF 

2378-TCDF 

OTHER TCDF 

12378-PCDF 

23478-PCDF 

OTHER PCDF 

123478-HxCDF 

123678-HxCDF 

234678-HxCDF 

123789-HxCDF 

OTHER HxCDF 

1234678-HpCDF 

1234789-HpCDF 

OTHER HpCDF 

OCDF 

TOTAL CDD 

TOTAL CDF 

TOTAL CDD/CDF 

Front 

Half 

Amount 

(ng) 

0.000 

1.508 

5.002 

0.800 

9.765 

1.429 

10.020 

1.302 

2.071 

4.251 

16.293 

9.624 

8.212 

21.610 

0.000 

33.207 

73-761 

4.780 

105.753 

4.045 

5-057 

53-540 

10.930 

6.333 

5-751 

NUMB DL 

0 0.005 

1 0.000 

6 0.000 

1 0.000 

14 0.000 

1 0.000 

12 0.000 

1 0.000 

1 0.000 

1 0.000 

7 0.000 

1 0.000 

2 0.000 

1 0.000 

-3 0.346 

7 0.000 

11 0.000 

1 0.000 

16 0.000 

1 0.000 

1 0.000 

16 0.000 

1 0.000 

1 0.000 

1 0.000 

0.484 1 0.000 

29.817 12 0.000 

12.825 1 0.000 

1.038 1 0.000 

6.186 4 0.000 

4.695 1 0.000 

91.887 

358.202 

45o.o89 

Back 

Half 

Amount 

(ng) 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.101 

NUMB DL 

0 0.008 

0 0.018 

0 0.045 

-1 0.020 

-1 0.029 

0 0.018 

-1 0.033 

0 0.025 

0 0.025 

0 0.030 

-1 0.537 

-1 0.106 

1 0.000 

0.899 1 0.000 

0.000 0 0.008 

0.000 0 0.022 

1. 929 7 0. 000 

0.130 1 0.000 

1.618 10 0.000 

0.070 1 0.000 

0.078 1 0.000 

0.811 9 0.000 

0.000 -1 0.197 

0.000 0 0.015 

0.000 0 0.018 

0.000 

0.283 

0.183 

0.052 

0.088 

0.392 

1.000 

6.634 

0 0.025 

1 0.000 

1 0.000 

1 0.000 

3 0.000 

1 0.000 

Front Half Back Half BH+FH 2378-

Cone 

Corr 

12% C02 

(ng/dscm) 

0.000 

0.905 

3.001 

0.480 

5-858 

0.857 

6.011 

0.781 

1.242 

2.550 

9-774 

5-773 

4.926 

12.963 

0.000 

19-920 

44.247 

2.867 

63.438 

2.426 

3-034 

32.117 

6.557 

3-799 

3-450 

0.290 

17.886 

7-693 

0.623 

3-711 
2.816 

55-120 

214.874 

269.994 

Cone 

Corr 

12% C02 

Cone TCDD 

Corr Toxic 

12% C02 Equiv 

2378-

TCDD 

(ng/dscm) (ng/dscm) Factor 

Toxic 

Equiv 

0.000 

0.000 

0.000 

0.480 

0.059 

0.429 

0.0)0 

0.031 

0.050 

0.102 

0.004 

0.006 

0.000 

0.000 0.000 0.0000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.061 

0.539 

0.000 

0.000 

1.157 

0.078 

0.971 

0.042 

0.047 

0.486 

0.000 

0.000 

0.000 

0.000 

0.170 

0.110 

0.031 

0.053 

0.235 

0.905 

3.001 

0.480 

5.858 

0.857 

6.011 

0.781 

1.242 

2.550 

9-774 

0.0000 

0.0000 

1.0000 

0.0100 

0.5000 

0.0050 

0.0400 

0.0400 

0.0400 

0.0004 

5-773 0.0010 

4.987 0.00001 

13.502 0.0000 0.000 

0.000 0.0000 0.000 

19.920 0.0000 0.000 

45.404 o.oooo o.ooo 

2.945 0.1000 0.295 

64.408 0.0010 0.064 

2.468 0.1000 0.247 

3.080 0.1000 0.308 

32.603 0.0010 0.033 

6.557 0.0100 0.066 

3-799 0.0100 0.038 

3-450 0.0100 0.034 

0.290 0.0100 0.003 

18.056 0.0001 0.002 

7.803 0.0001 0.001 

o.654 o.ooo1 o.ooo 

3-764 0.00001 0.000 

3-052 0.0000 0.000 

0.600 55-720 1.190 

3-380 218.254 1.090 

3.980 273-974 2.280 

Note: Number in column labelled "NUMB" indicates the following: 

0 - Isomer not detected at detection limit listed in "DL" column. 
>1 - Isomer detected at level in results column to left. 
<1 - Isomer detected, but did not meet all qualitative identification 

criteria; number listed in "DL" column is estimated maximum possible 
concentration (EMPC). See Appendix C for further explanation. 
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PLANT 

SAMPLING LOCATION 

OPERATOR 

BAR. PRESS. , in Hg 

STATIC PRESS.in H20 

LEAK TEST VACUUM,in.Hg 

LEAK RATE,CFM 

RUN START TIME 

RUN STOP TIME 

TOTAL NET RUN TIME (Minutes) 

PITOT TUBE COEFFICIENT 

GAS METER CALIB. FACTOR (Y) 

EST. DRY MOL. WT.(Lb/Lb-Mole) 

STACK/DUCT AREA (in2) 

Sample Sample Dry Gas 
Point Time Met. 

No. (min) (Cu.Ft) 
0 730.146 

2 10 732.910 
3 20 735.860 
4 30 738.930 
5 40 741.230 
6 50 745.040 
7 60 748.200 
8 70 751.390 
9 80 754.690 
10 90 758.200 
11 100 761.690 
12 110 764.910 
13 120 769.830 
14 130 771.240 
15 140 774.860 
16 150 777.710 
17 160 781. 170 
18 170 784.680 
19 180 788.050 
20 190 791.050 
21 200 793.990 
22 210 797.180 
23 220 799.870 
24 230 802.770 

240 805.542 

FINAL 
DIFF/AVGS. 75.396 

FIELD DATA 

Wheelabrator Environmental Systems 

Unit 2 Inlet 

Tom McDonald 

29.7000 

-2.1500 

15.0000 

0.0000 

ANALYTICAL RESULTS DATA 

16:30 

21:11 

240 

0.840 

1.006 

29.9 

8,659.0 

Pit.Vel Orif. "H Gas Met 
Head (inH20) (inH20) Temp. 

(inH20) Ideal Actual oF 
0.40 0.00 0.25 79 
0.45 0.00 0.28 82 
0.47 0.00 0.29 84 
0.47 0.00 0.29 85 
0.52 0.00 0.32 86 
0.48 0.00 0.30 87 
0.48 0.00 0.30 87 
0.62 0.00 0.39 87 
0.66 0.00 0.41 86 
0.65 0.00 0.41 86 
0.52 0.00 0.32 86 
0.63 0.00 0.39 86 
0.42 0.00 0.26 86 
0.55 0.00 0.33 86 
0.52 0.00 0.32 86 
0.60 0.00 0.37 86 
0.63 0.00 0.39 86 
0.61 0.00 0.38 85 
0.44 0.00 0.27 85 
0.46 0.00 0.27 85 
0.44 0.00 0.27 86 
0.40 0.00 0.25 85 
0.45 0.00 0.26 86 
0.38 0.00 0.25 85 

0.51 0.32 85 

A-7 

DATE 

RUN NUMBER 

NOZZLE # 

NOZZLE DIAMETER,inches 

METER BOX NUMBER 

METER BOX "H@ 

ASSUMED MOISTURE, % 

TOT VOL. H20 COLL. (ml) 

TOTAL CATCH -

Total CDD 

TOTAL CATCH -

Total CDF 

TOTAL CATCH -

Total CDD/CDF 

Filter Conden. Imp.Ex. 
Temp Temp. Temp. 

oF oF oF 
255.0 31 47 
253.0 32 47 
254.0 32 48 
253.0 33 48 
251.0 32 47 
253.0 33 48 
255.0 35 49 
254.0 32 48 
253.0 33 49 
258.0 34 49 
253.0 35 53 
258.0 35 55 
257.0 36 s4 
258.0 38 55 
257.0 31 55 
255.0 32 54 
255.0 32 54 
248.0 32 54 
247.0 36 47 
247.0 38 48 
248.0 40 49 
249.0 40 48 
249.0 41 49 
248.0 39 so 

2/8/88 

2-MM5-I-2 

905 

0.181 

Nutech 10 

1. 75 

12.0 

218.0 

80.672 

339.987 

420.659 

Stack 
Temp 

oF 
435 
439 
444 
447 
440 
445 
451 
448 
449 
451 
446 
443 
433 
441 
440 
442 
442 
449 
442 
444 
439 
436 
435 
436 

442 

ng 

ng 

ng 

Leak 
Chec 

(u4o,4 

805.5 
805.5 



2/8/88 

Theta 

Dia 

Cp 
y 

Pbar 

Delta H 

Vm 

tm 

Vm(std) 

Vlc 

Vw(std) 

%H20 

Mfd 

%C02 

%02 

Fo 

Md 

Ms 

Pg 

Ps 

ts 

Delta· p 

vs 

A 

Qsd 

Qaw 

%I 

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS 

Wheelabrator Environmental Systems 

Run Start Time 
Run Finish Time 

Net Run Time, Minutes 

Net Sampling Points 

Nozzle Diameter, Inches 

Pitot Tube Coefficient 

Dry Gas Meter Calibration Factor 

Barometric Pressure, Inches Hg 

Avg. Pressure Differential of 
Orifice Meter, Inches H20 

Volume of Metered Gas Sample, Dry ACF 

Dry Gas Meter Temperature, Degrees F 

Volume of Metered Gas Sample, Dry SCF 

Total Volume of Liquid Collected 
in Impingers and Silica Gel, ml 

Volume of Water Vapor, SCF 

Moisture Content, % by Volume 

Dry Mole Fraction 

Percent C02 by Volume, Dry 

Percent 02 by Volume, Dry 

Orsat Validation Value 

Estimated Dry Molecular Wt, Lb/Lb-Mole 

Wet Molecular Weight, Lb/Lb-Mole 

Flue Gas Static Pressure, in. Hg 

Absolute Flue Gas Press., in Hg 

Flue Gas Temperature, Degrees F 

Average Velocity Head, in. H20 

Flue Gas Velocity, Ft/Sec 

Stack/Duct Area, Sq. Inches 

Volumetric Air Flow Rate, Dry SCFM 

Volumetric Air Flow Rate, Wet ACFM 

Isokinetic Sampling Rate, % 

2-MM5-I-2 

16:30 
21:11 

240 

24 

0.181 

0.840 

1.006 

29.700 

0.316 

75.396 

85.3 

72.925 

218.0 

10.261 

12.34 

0.877 

9.2 

10.7 

1.109 

29.9 

28.43 

-2.150 

29.542 

442 

0.5069 

52.99 

8,659 

96,831.9 

191,192.0 

105.6 

*Standard conditions: 68°F and 29.92 inches of Hg. 
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2/8/88 

ng 

mg/dscm 

gr/dscf 

lb/hr 

kg/hr 

ng 

mg/dscm 

gr/dscf 

lb/hr 

kg/hr 

ng 

mg/dscm 

gr/dscf 

lb/hr 

EMISSIONS RESULTS 

Wheelabrator Environmental Systems 

FLUE GAS TEMPERATURE 

Degrees Fahrenheit 

Degrees Centigrade 

AIR FLOW RATES x million 

Actual Cubic Meters/hr 

Actual Cubic Feet/hr 

Dry Std. Cubic Meters/hr 

Dry Std. Cubic Feet/hr 

CONCENTRATIONS AND EMISSION RATES - PMRc 

Total CDD 

Catch 

Concentration, mg/dscm 

Concentration, grains per dscf 

Emission Rate, lb/hr (PMRc) 

Emission Rate, kg/hr (PMRc) 

Total CDF 

Catch 

Concentration, mg/dscm 

Concentration, grains per dscf 

Emission Rate, lb/hr (PMRc) 

Emission Rate, kg/hr (PMRc) 

Total CDD/CDF 

Catch 

Concentration, mg/dscm 

Concentration, grains per dscf 

Emission Rate, lb/hr (PMRc) 

2-MM5-I-2 

442.4 

228.0 

0.3248 

11.4715 

0.1645 

5.8099 

80.672 ng 

0.039 X 

0.017 X 

0.014 X 

0.006 X 

339-987 ng 

0.165 X 

0.072 X 

0.060 X 

0.027 X 

10E-3 

10E-6 

10E-3 

10E-3 

10E-3 

10E-6 

10E-3 

10E-3 

420.659 ng 

0.204 x 10E-3 

0.089 x 10E-6 

0.074 x 10E-3 

Note: Concentrations and emission rates not corrected to 12% C02. 
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j Job Name: Millbury 

EEl Ref#: 3516 

Run IDs: 2-MM5-IN-2 

NAME 

TOTAL MCDD 

TOTAL DCDD 

TOTAL TriCDD 

2378-TCDD 

OTHER TCDD 

12378-PCDD 

OTHER PCDD 

123478-HxCDD 

123678-HxCDD 

123789-HxCDD 

OTHER HxCDD 

1234678-HpCDD 

OTHER HpCDD 

OCDD 

TOTAL MCDF 

TOTAL DCDF 

TOTAL TriCDF 

2378-TCDF 

OTHER TCDF 

12378-PCDF 

23478-PCDF 

OTHER PCDF 

123478-HxCDF 

123678-HxCDF 

234678-HxCDF 

123789-HxCDF 

OTHER HxCDF 

1234678-HpCDF 

1234789-HpCDF 

OTHER HpCDF 

i OCDF 

'TOTAL COD 

TOTAL CDF 

. TOTAL CDD/CDF 

Front 

Half 

Amount 

Back 

Half 

Amount 

(ng) NUMB DL (ng) NUMB DL 

0.000 

1.481 

4.034 

0.640 

8.777 

1.141 

8.540 

1. 013 

1.654 

3-291 

10.027 

8.572 

8.714 

21.374 

0.197 

12.417 

95.004 

4.220 

96.963 

4.014 

3-991 

42.942 

9-361 

5.603 

4.912 

0.399 

32.168 

11.809 

1.392 

6.227 

6.130 

79-258 

337-749 

417.007 

0 0.008 0.000 0 0.005 

1 0.000 0.000 0 0.010 

5 0.000 0.000 0 0.028 

1 0.000 0.000 -1 0.020 

13 0.000 0.000 -1 0.057 

1 0.000 0.000 0 0.013 

12 0.000 0.000 0 0.013 

1 0.000 0.000 0 0.015 

1 0.000 0.000 0 0.015 

1 0.000 0.000 0 0.018 

6 0.000 0.000 -1 0.456 

1 0.000 0.050 1 0.000 

2 0.000 0.000 1 0.000 

1 0.000 1.364 1 0.000 

1 0.000 0.000 0 0.005 

6 0.000 0.000 0 0.015 

11 0.000 1.056 6 0.000 

1 0.000 0.100 1 0.000 

15 0.000 0.770 8 0.000 

1 0.000 0.032 1 0.000 

1 0.000 0.000 -1 0.025 

13 0.000 0.198 3 0.000 

1 0.000 0.000 0 0.010 

1 0.000 0.000 0 0.008 

1 0.000 0.000 0 0.010 

1 0.000 0.000 0 0.015 

12 0.000 0.000 0 0.010 

1 0.000 0.047 1 0.000 

1 0.000 0.000 0 0.010 

4 0.000 0.035 2 0.000 

1 0.000 0.000 -1 0.102 

1. 414 

2.238 

3.652 

Front HalfBack Half BH+FH 

Cone 

Carr 

12~ C02 

Cone Cone 

Carr Carr 

12~ co2 12% c·o2 

2378-

TCDD 

Toxic 

Equiv 

(ng/dscm) (ng/dscm)(ng/dscm) Factor 

0.000 

0.936 

2.550 

0.405 

5-548 

0.721 

5-398 

0.640 

1.045 

2.080 

6.338 

5.418 

5-508 

13.510 

0.125 

7.849 

60.052 

2.667 

61.290 

2.537 

2.523 

27.143 

5-917 

3-542 

3.105 

0.252 

20.333 

7.464 

0.880 

3-936 

3-875 

50.099 

213.490 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.032 

0.000 

0.862 

0.000 

0.000 

0.667 

0.063 

0.487 

0.020 

0.000 

0.125 

0.000 

0.000 

0.000 

0.000 

0.000 

0.030 

0.000 

0.022 

0.000 

0.000 

0.936 

2.550 

0.405 

5-548 

0.721 

5-398 

0.640 

1.045 

2.080 

6.338 

5-450 

5-508 

14.373 

0.125 

7.849 

60.719 

2-731 

61.777 

2.557 

2.523 

27.269 

5-917 

3-542 

3.105 

0.252 

20.333 

7-494 

0.880 

3-958 

3-875 

0.894 50.993 

1.415 214.905 

2.308 265.897 

0.0000 

0.0000 

0.0000 

1.0000 

0.0100 

0.5000 

0.0050 

0.0400 

0.0400 

0.0400 

0.0004 

0.0010 

0.00001 

0.0000 

0.0000 

0.0000 

0.0000 

0.1000 

0.0010 

0.1000 

0.1000 

0.0010 

0.0100 

0.0100 

0.0100 

0.0100 

0.0001 

0.0001 

0.0001 

0.00001 

0.0000 

Note: Number in column labelled "NUMB" indicates the following: 

0 - Isomer not detected at detection limit listed in "DL" column. 
>1 - Isomer detected at level in results column to left. 

2378-

TCDD 

Toxic 

Equiv 

0.000 

0.000 

0.000 

0.405 

0.055 

0.361 

0.027 

0.026 

0.042 

0. 083 

0. 003 

0.005 

0.000 

0.000 

0.000 

0.000 

0.000 

0.273 

0.062 

0.256 

0.252 

0.027 

0.059 

0.035 

0.031 

0.003 

0.002 

0.001 

0.000 

0.000 

0.000 

1.006 

1. 001 

2.007 

<1 - Isomer detected, but did not meet all qualitative identification 
criteria; number listed in "DL" column is estimated maximum possible 
concentration (EMPC). See Appendix C for further explanation. 
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PLANT 

SAMPLING LOCATION 

OPERATOR 

BAR.PRESS. ,in Hg 

STATIC PRESS.in H20 

LEAK TEST VACUUM,in.Hg 

LEAK RATE,CFM 

RUN START TIME 

RUN STOP TIME 

TOTAL NET RUN TIME (Minutes) 

PITOT TUBE COEFFICIENT 

GAS METER CALIB. FACTOR (Y) 

EST. DRY MOL. WT.(Lb/Lb-Mole) 

STACK/DUCT AREA (in2) 

Sample Sample Dry Gas 
Point Time Met. 

No. (min) (Cu.Ft) 
1 0 846.015 
2 10 848.370 
3 20 851.510 
4 30 854.550 
5 40 857-730 
6 50 860.890 
7 60 863.900 
8 70 866.620 
9 80 869.270 
10 90 871.880 
11 100 874.520 
12 110 877.220 
13 120 880.720 
14 130 881.820 
15 140 884.630 
16 150 887.510 
17 160 890.510 
18 170 893-390 
19 180 896.240 
20 190 899.020 
21 200 901.960 
22 210 905.200 
23 220 908.550 
24 230 911.520 

240 914.496 

FINAL 
DIFF/AVGS. 68.481 

FIELD DATA 

Wheelabrator Environmental Systems 

Unit 2 Inlet 

Tom McDonald 

29-7000 

-2.1500 

5.0000 

0.0000 

ANALYTICAL RESULTS DATA 

08:30 

13:15 

240 

0.840 

1.006 

29.98 

8,659.0 

Pit.Vel Orif. .H Gas Met 
Head (inH20) (inH20) Temp. 

(inH20) Ideal Actual oF 
0.31 0.00 0.19 73 
0.47 0.00 0.28 74 
0.50 0.00 0.30 77 
0.54 0.00 0.32 78 
0.58 0.00 0.34 79 
0.50 0.00 0.30 79 
0.40 0.00 0.24 80 
0.40 0.00 0.23 81 
0.23 0.00 0.24 81 
0.37 0.00 0.20 81 
0.40 0.00 0.22 82 
0.33 0.00 0.24 82 
0.28 0.00 0.20 83 
0.43 0.00 0.26 82 
0.45 0.00 0.27 83 
0.46 0.00 0.26 84 
0.46 0.00 0.27 84 
0.42 0.00 0.25 85 
0.41 0.00 0.24 86 
0.48 0.00 0.28 87 
0.54 0.00 0.32 88 
0.66 0.00 0.39 89 
0.40 0.00 0.24 89 
0.47 0.00 0.28 89 

0.43 0.27 82 

A-ll 

DATE 

RUN NUMBER 

NOZZLE # 

NOZZLE DIAMETER,inches 

METER BOX NUMBER 

METER BOX .H@ 

ASSUMED MOISTURE, % 

TOT VOL. H20 COLL.(ml) 

TOTAL CATCH -

Total CDD 

TOTAL CATCH -

Total CDF 

TOTAL CATCH -

Total CDD/CDF 

Filter Conden. Imp.Ex. 
Temp Temp. Temp. 

oF oF oF 
250.0 31 48 
248.0 31 45 
249.0 30 44 
248.0 31 45 
247.0 30 46 
248.0 29 49 
249.0 30 52 
255-0 29 58 
254.0 30 58 
251.0 31 58 
252.0 31 57 
252.0 31 56 
250.0 30 61 
250.0 29 62 
248.0 29 57 
248.0 30 56 
249.0 30 56 
249.0 29 56 
250.0 30 57 
251.0 31 56 
254.0 28 56 
253.0 29 48 
251.0 30 49 
252.0 30 55 

2/9/88 

2-MM5-I-3 

905 

0.181 

Nutech 10 

1. 75 

12.0 

218.0 

59.673 

352.143 

411.816 

Stack 
Temp 

oF 
419 
420 
425 
428 
433 
433 
432 
431 
433 
428 
425 
427 
430 
423 
427 
427 
427 
429 
432 
431 
436 
442 
449 
437 

430 

ng 

ng 

ng 

Leak 
Chec 

(u40,4 

914.4 
914.4 



2/9/88 

Theta 

Dia 

Cp 
y 

Pbar 

Delta H 

Vm 

tm 

Vm(std) 

Vlc 

Vw(std) 

%H20 

Mfd 

%C02 

%02 

Fo 

Md 

Ms 

Pg 

Ps 

ts 

Delta p 

vs 

A 

Qsd 

Qaw 

%I 

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS 

Wheelabrator Environmental Systems 

Run Start Time 
Run Finish Time 

Net Run Time, Minutes 

Net Sampling Points 

Nozzle Diameter, Inches 

Pitot Tube Coefficient 

Dry Gas Meter Calibration Factor 

Barometric Pressure, Inches Hg 

Avg. Pressure Differential of 
Orifice Meter, Inches H20 

Volume of Metered Gas Sample, Dry ACF 

Dry Gas Meter Temperature, Degrees F 

Volume of Metered Gas Sample, Dry SCF 

Total Volume of Liquid Collected 
in Impingers and Silica Gel, ml 

Volume of Water Vapor, SCF 

Moisture Content, % by Volume 

Dry Mole Fraction 

Percent C02 by Volume, Dry 

Percent 02 by Volume, Dry 

Orsat Validation Value 

Estimated Dry Molecular Wt, Lb/Lb-Mole 

Wet Molecular Weight, Lb/Lb-Mole 

Flue Gas Static Pressure, in. Hg 

Absolute Flue Gas Press., in Hg 

Flue Gas Temperature, Degrees F 

Average Velocity Head, in. H20 

Flue Gas Velocity, Ft/Sec 

Stack/Duct Area, Sq. Inches 

Volumetric Air Flow Rate, Dry SCFM 

Volumetric Air Flow Rate, Wet ACFM 

Isokinetic Sampling Rate, % 

2-MM5-I-3 

08:30 
13:15 

240 

24 

0.181 

0.840 

1.006 

29.700 

0.265 

68.481 

82.3 

66.595 

218.0 

10.261 

13.35 

0.866 

9.9 

10.0 

1.101 

29.98 

28.38 

-2.150 

29.542 

430 

0.4321 

48.64 

8,659 

89,049.3 

175,480.3 

104.9 

*Standard conditions: 68°F and 29.92 inches of Hg. 
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2/9/88 

ng 

mg/dscm 

gr/dscf 

lb/hr 

kg/hr 

ng 

mg/dscm 

gr/dscf 

lb/hr 

kg/hr 

ng 

mg/dscm 

gr/dscf 

lb/hr 

EMISSIONS RESULTS 

Wheelabrator Environmental Systems 

FLUE GAS TEMPERATURE 

Degrees Fahrenheit 

Degrees Centigrade 

AIR FLOW RATES x million 

Actual Cubic Meters/hr 

Actual Cubic Feet/hr 

Dry Std. Cubic Meters/hr 

Dry Std. Cubic Feet/hr 

CONCENTRATIONS AND EMISSION RATES - PMRc 

Total CDD 

Catch 

Concentration, mg/dscm 

Concentration, grains per dscf 

Emission Rate, lb/hr (PMRc) 

Emission Rate, kg/hr (PMRc) 

Total CDF 

Catch 

Concentration, mg/dscm 

Concentration, grains per dscf 

Emission Rate, lb/hr (PMRc) 

Emission Rate, kg/hr (PMRc) 

Total CDD/CDF 

Catch 

Concentration, mg/dscm 

Concentration, grains per dscf 

Emission Rate, lb/hr (PMRc) 

2-MM5-I-3 

430.2 

221.2 

0.2981 

10.5288 

0.1513 

5-3430 

59.673 ng 

0.032 X 

0.014 X 

0.011 X 

0.005 X 

352.143 ng 

0.187 X 

0.082 X 

0.062 X 

0.028 X 

10E-3 

10E-6 

10E-3 

10E-3 

10E-3 

10E-6 

10E-3 

10E-3 

411.816 ng 

0.218 x 10E-3 

0.095 x 10E-6 

0.073 x 10E-3 

Note: Concentrations and emission rates not corrected to 12% C02 . 
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Job Name: Millbury 

EEl Ref#: 3516 

Run IDs: 2-MM5-IN-3 

Front 

Half 

Amount 

Back 

Half 

Amount 

Front HalfBack Half BH+FH 

Cone 

Corr 

12% C02 

Cone Cone 

Corr Corr 

12% C02 12% C02 

2378-

TCDD 

Toxic 

Equiv 

NAME 

TOTAL MCDD 

TOTAL DCDD 

TOTAL TriCDD 

2378-TCDD 

OTHER TCDD 

12378-PCDD 

OTHER PCDD 

123478-HxCDD 

123678-HxCDD 

123789-HxCDD 

OTHER HxCDD 

1234678-HpCDD 

OTHER HpCDD 

OCDD 

(ng) NUMB DL 

0.000 0 0.018 

(ng) NUMB DL 

0.000 0 0.040 

(ng/dscm) (ng/dscm)(ng/dscm) Factor 

TOTAL MCDF 

TOTAL DCDF 

TOTAL TriCDF 

2378-TCDF 

OTHER TCDF 

12378-PCDF 

23478-PCDF 

OTHER PCDF 

123478-HxCDF 

123678-HxCDF 

234678-HxCDF 

123789-HxCDF 

OTHER HxCDF 

1234678-HpCDF 

1234789-HpCDF 

OTHER HpCDF 

OCDF 

TOTAL CDD 

TOTAL CDF 

TOTAL CDD/CDF 

3.158 

5.838 

0.440 

5.907 

0.590 

5.824 

0.653 

0.990 

1.665 

11.062 

5.61o 

5.825 

10.911 

1.826 

71.747 

127.883 

2.750 

61.890 

3.294 

2.793 

35.800 

6.350 

3.201 

2.885 

0.000 

18.480 

7.099 

0.492 

3.477 

2.017 

58.473 

351.984 

410.457 

1 0.000 

3 0.000 

1 0.000 

13 0.000 

1 0.000 

9 0.000 

1 0.000 

1 0.000 

1 0.000 

7 0.000 

1 0.000 

2 0.000 

0.000 

3 0.000 

7 0.000 

11 o.ooo 
1 0.000 

13 0.000 

1 0.000 

1 0.000 

12 0.000 

1 0.000 

1 0.000 

1 0.000 

0 0.073 

7 0.000 

1 0.000 

1 0.000 

4 0.000 

1 0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1.200 

0.000 

0.000 

0.000 

0.020 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.123 

0.000 

0.016 

0.000 

1.200 

0.159 

1. 359 

0 0.080 

0 0.215 

0 0.010 

0 0.065 

0 0.068 

0 0.068 

0 0.100 

0 0.100 

0 0.118 

-1 0.588 

0 0.075 

0 0.075 

1 0.000 

0 0.037 

0 0.115 

0 0.118 

1 0.000 

0 0.048 

0 0.043 

0 0.048 

0 0.045 

0 0.058 

0 0.055 

0 0.073 

0 0.095 

0 0.068 

1 0.000 

0 0.053 

1 0.000 

-1 0.242 

0.000 

2.031 

3-755 
0.283 

3.800 

0.380 

3.746 

0.420 

0.637 

1.071 

7.115 

3.609 

3.747 

7.018 

1.175 

46.150 

82.259 

1.769 

39.810 

2.119 

1.797 

23.028 

4.085 

2.059 

1.856 

0.000 

11.887 

4.566 

0.316 

2.237 

1.297 

37.612 

226.409 

264.021 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.772 

0.000 

0.000 

0.000 

0.013 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.079 

0.000 

0.010 

0.000 

0.000 

2.031 

3-755 

0.283 

3.800 

0.380 

3-746 

0.420 

0.637 

1. 071 

7.115 

3.609 

3-747 

7-790 

1.175 

46.150 

82.259 

1.782 

39.810 

2.119 

1.797 

23.028 

4.085 

2.059 

1.856 

0.000 

11.887 

4.645 

0.316 

2.247 

1.297 

0. 102 226. 511 

0.874 264.895 

Note: Number in column labelled "NUMB" indicates the following: 

0 - Isomer not detected at detection limit listed in "DL" column. 
>1 - Isomer detected at level in results column to left. 

0.0000 

0.0000 

0.0000 

1.0000 

0.0100 

0.5000 

0.0050 

0.0400 

0.0400 

0.0400 

0.0004 

0.0010 

0.00001 

0.0000 

0.0000 

0.0000 

0.0000 

0.1000 

0.0010 

0.1000 

0.1000 

0.0010 

0.0100 

0.0100 

0.0100 

0.0100 

0.0001 

0.0001 

0.0001 

0.00001 

0.0000 

<1 - Isomer detected, but did not meet all qualitative identification 
criteria; number listed in "DL" column is estimated maximum possible 
concentration (EMPC). See Appendix C for further explanation. 

A-14 

2378-

TCDD 

Toxic 

Equiv 

0.000 

0.000 

0.000 

0.283 

0.038 

0.190 

0.019 

0.017 

0.025 

0.043 

0.003 

0.004 

0.000 

0.000 

0.000 

0.000 

0.000 

0.178 

0.040 

0.212 

0.180 

0.023 

0.041 

0.021 

0.019 

0.000 

0.001 

0.000 

0.000 

0.000 

0.000 

0.621 

1. 335 



PLANT 

SAMPLING LOCATION 

OPERATOR 

BAR.PRESS. ,in Hg 

STATIC PRESS.in H20 

LEAK TEST VACUUM,in.Hg 

LEAK RATE,CFM 

RUN START TIME 

RUN STOP TIME 

TOTAL NET RUN TIME (Minutes) 

PITOT TUBE COEFFICIENT 

GAS METER CALIB. FACTOR (Y) 

EST. DRY MOL. WT.(Lb/Lb-Mole) 

STACK/DUCT AREA (in2) 

Sample Sample Dry Gas 
Point Time Met. 

No. (min) (Cu.Ft) 
0 916.114 

2 10 918.710 
3 20 921.780 
4 30 924.730 
5 40 927.780 
6 50 930.690 
7 6o 933.600 
8 70 936.310 
9 80 939.080 
10 90 942.198 
11 100 945.48o 
12 110 948.540 
13 120 953.150 
14 130 954.610 
15 140 957-960 
16 150 961.360 
17 160 964.371 
18 170 967.340 
19 180 970.370 
20 190 973.060 
21 200 975-780 
22 210 978.530 
23 220 981.360 
24 230 984.170 

240 986.780 

FINAL 
DIFF/AVGS. 70.664 

FIELD DATA 

Wheelabrator Environmental Systems 

Unit 2 Inlet 

Tom McDonald 

29.7000 

-2.1000 

15.0000 

0.0090 

ANALYTICAL RESULTS DATA 

14:30 

19:54 

240 

0.840 

1.006 

29.7 

8,659.0 

Pit.Vel Orif. .H Gas Met 
Head (inH20) (inH20) Temp. 

(inH20) Ideal Actual oF 
0.38 0.00 0.23 75 
0.50 0.00 0.30 75 
0.47 0.00 0.28 77 
0.50 0.00 0.30 80 
o.45 0.00 0.27 82 
0.45 0.00 0.27 81 
0.49 0.00 0.29 82 
0.47 0.00 0.28 82 
0.44 0.00 0.26 83 
0.48 0.00 0.28 83 
0.48 0.00 0.28 84 
0.52 0.00 0.31 85 
0.43 0.00 0.26 84 
0.58 0.00 0.34 84 
0.66 0.00 0.39 83 
0.55 0.00 0.33 83 
0.43 0.00 0.26 80 
0.47 0.00 0.28 80 
0.38 0.00 0.23 81 
0.41 0.00 0.24 81 
0.38 0.00 0.23 80 
0.42 0.00 0.25 80 
0.44 0.00 0.26 80 
0.38 0.00 0.23 81 

0.46 0.28 81 

A-15 

DATE 

RUN NUMBER 

NOZZLE # 

NOZZLE DIAMETER,inches 

METER BOX NUMBER 

METER BOX .H@ 

ASSUMED MOISTURE, % 

TOT VOL. H20 COLL.(ml) 

TOTAL CATCH -

Total CDD 

TOTAL CATCH -

Total CDF 

TOTAL CATCH -

Total CDD/CDF 

Filter Conden. Imp.Ex. 
Temp Temp. Temp. 

oF oF oF 
263.0 31 51 
264.0 29 50 
253.0 29 51 
252.0 29 50 
251.0 29 48 
252.0 30 49 
255.0 30 49 
254.0 39 49 
257.0 32 49 
253.0 33 48 
252.0 31 48 
250.0 33 49 
268.0 28 48 
265.0 29 49 
260.0 31 51 
255-0 30 49 
245.0 32 49 
252.0 33 51 
251.0 30 50 
250.0 30 51 
251.0 32 54 
264.0 29 53 
261.0 29 52 
255.0 28 56 

2/9/88 

2-MM5-I-4 

905 

0.181 

Nutech 10 

1. 75 

12.0 

186.0 

96.718 

386.674 

483.390 

Stack 
Temp 

oF 
428 
435 
432 
432 
433 
435 
438 
434 
434 
440 
439 
439 
426 
439 
444 
435 
429 
433 
436 
438 
432 
434 
433 
436 

435 

ng 

ng 

ng 

Leak 
Chec 

(u40,4 

986.7 
986.7 



2/9/88 

Theta 

Dia 

Cp 
y 

Pbar 

Delta H 

Vm 

tm 

Vm(std) 

Vlc 

Vw(std) 

%H20 

Mfd 

%C02 

%02 

Fo 

Md 

Ms 

Pg 

Ps 

ts 

Delta p 

vs 

A 

Qsd 

Qaw 

%I 

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS 

Wheelabrator Environmental Systems 

Run Start Time 
Run Finish Time 

Net Run Time, Minutes 

Net Sampling Points 

Nozzle Diameter, Inches 

Pitot Tube Coefficient 

Dry Gas Meter Calibration Factor 

Barometric Pressure, Inches Hg 

Avg. Pressure Differential of 
Orifice Meter, Inches H20 

Volume of Metered Gas Sample, Dry ACF 

Dry Gas Meter Temperature, Degrees F 

Volume of Metered Gas Sample, Dry SCF 

Total Volume of Liquid Collected 
in Impingers and Silica Gel, ml 

Volume of Water Vapor, SCF 

Moisture Content, % by Volume 

Dry Mole Fraction 

Percent C02 by Volume, Dry 

Percent 02 by Volume, Dry 

Orsat Validation Value 

Estimated Dry Molecular Wt, Lb/Lb-Mole 

Wet Molecular Weight, Lb/Lb-Mole 

Flue Gas Static Pressure, in. Hg 

Absolute Flue Gas Press., in Hg 

Flue Gas Temperature, Degrees F 

Average Velocity Head, in. H20 

Flue Gas Velocity, Ft/Sec 

Stack/Duct Area, Sq. Inches 

Volumetric Air Flow Rate, Dry SCFM 

Volumetric Air Flow Rate, Wet ACFM 

Isokinetic Sampling Rate, % 

2-MM5-I-4 

14:30 
19:54 

240 

24 

0.181 

0.840 

1.006 

29.700 

0.277 

70.664 

81.1 

68.879 

186.0 

8.755 

11.28 

0.887 

9.7 

10.2 

1.103 

29.7 

28.38 

-2.100 

29.546 

435 

0.4628 

50.46 

8,659 

94,133.3 

182,073.0 

102.6 

*Standard conditions: 68°F and 29.92 inches of Hg. 
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EMISSIONS RESULTS 

2/9/88 Wheelabrator Environmental Systems 2-MM5-I-4 

FLUE GAS TEMPERATURE 

Degrees Fahrenheit 434.8 

Degrees Centigrade 223.8 

AIR FLOW RATES x million 

Actual Cubic Meters/hr 0.3093 

Actual Cubic Feet/hr 10.9244 

Dry Std. Cubic Meters/hr 0. 1599 

Dry Std. Cubic Feet/hr 5.6480 

CONCENTRATIONS AND EMISSION RATES - PMRc 

Total CDD 

ng Catch 96.718 ng 

mg/dscm Concentration, mg/dscm 0.050 X 10E-3 

gr/dscf Concentration, grains per dscf 0.022 X 10E-6 

lb/hr Emission Rate, lb/hr (PMRc) 0.017 X 10E-3 

kg/hr Emission Rate, kg/hr (PMRc) 0.008 X 10E-3 

Total CDF 

ng Catch 386.674 ng 

mg/dscm Concentration, mg/dscm 0. 198 X 10E-3 

gr/dscf Concentration, grains per dscf 0.087 X lOE-6 

lb/hr Emission Rate, lb/hr (PMRc) 0.070 X lOE-3 

kg/hr Emission Rate, kg/hr (PMRc) 0.032 X lOE-3 

Total CDD/CDF 

ng Catch 483.390 ng 

mg/dscm Concentration, mg/dscm 0.248 x lOE-3 

gr/dscf Concentration, grains per dscf 0.108 X lOE-6 

lb/hr Emission Rate, lb/hr (PMRc) 0.087 x 10E-3 

· · tes not corrected to 12% C02 . Note: Concentrations and em1ss1on ra 
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Job Name: Millbury 

EEl Ref#: 3516 

Run IDs: 2-MM5-IN-4 

NAME 

TOTAL MCDD 

TOTAL DCDD 

TOTAL TriCDD 

2378-TCDD 

OTHER TCDD 

12378-PCDD 

OTHER PCDD 

123478-HxCDD 

123678-HxCDD 

123789-HxCDD 

OTHER HxCDD 

1234678-HpCDD 

OTHER HpCDD 

OCDD 

TOTAL MCDF 

TOTAL DCDF 

TOTAL TriCDF 

2378-TCDF 

OTHER TCDF 

12378-PCDF 

23478-PCDF 

OTHER PCDF 

123478-HxCDF 

123678-HxCDF 

234678-HxCDF 

123789-HxCDF 

OTHER HxCDF 

1234678-HpCDF 

1234789-HpCDF 

OTHER HpCDF 

OCDF 

TOTAL CDD 

TOTAL CDF 

TOTAL CDD/CDF 

Front 

Half 

Amount 

Back 

Half 

Amount 

(ng) NUMB DL 

0.000 0 0.013 

2.238 1 0.000 

9.646 5 0.000 

0.430 1 0.000 

5-547 12 0.000 

0.622 1 0.000 

5-550 10 0.000 

0.765 1 0.000 

(ng) 

0.000 

0.606 

1.938 

0.060 

0.919 

0.077 

0.595 

0.069 

1.174 

2.441 

12.967 

7.581 

7-326 

32.454 

0.628 

27.125 

150.490 

2.510 

53-544 

2.098 

2.445 

26.440 

6.714 

3-051 

3-272 

0.180 

18.218 

7-132 

0.557 

3-171 

2.434 

310.009 

1 0.000 0.101 

1 0.000 0.191 

7 0.000 0.640 

1 0.000 0.583 

2 0.000 0.562 

1 0. 000 1. 636 

3 0.000 0.133 

4 0.000 7-362 

12 0.000 43.533 

1 0.000 0.520 

14 0.000 12.646 

1 0.000 0.358 

1 0.000 0.409 

13 0.000 5-435 

1 0.000 1.054 

1 0.000 0.435 

1 0.000 0.419 

1 0.000 0.000 

11 0.000 2.634 

1 0.000 0.967 

1 0.000 0.046 

4 0.000 0.372 

1 0.000 0.342 

7-977 

84.642 

NUMB DL 

-2 0.226 

1 0.000 

3 0.000 

1 0.000 

9 0.000 

1 0.000 

8 0.000 

1 0.000 

1 0.000 

1 0.000 

5 0.000 

1 0.000 

2 0.000 

1 0.000 

3 0.000 

6 0.000 

11 0. 000 

1 0.000 

14 0.000 

1 0.000 

1 0.000 

15 0.000 

1 0.000 

1 0.000 

1 0.000 

0 0.018 

8 0.000 

1 0.000 

1 0.000 

4 0.000 

1 0.000 

Front HalfBack Half BH+FH 2378-

TCDD Cone 

Corr 

12X C02 

Cone Cone 

Corr Corr 

12X C02 12% C02 

Toxic 

Equiv 

2378-

TCDD 

(ng/dscm) (ng/dscm)(ng/dscm) Factor 

Toxic 

Equiv 

0.000 

0.000 

0.000 

0.311 

0.041 

0.222 

0.020 

0.021 

0.032 

0.067 

0.003 

0.005 

0.000 

0.000 

0.000 

1. 421 

6.123 

0.273 

3-521 

0.395 

3-523 
0.486 

0.745 

1.549 

8.231 

4.812 

4.650 

20.600 

0.399 

17.217 

95-521 

1.593 

33-986 

1.332 

1.552 

16.782 

4.262 

1.937 

2.077 

0.114 

11.564 

4.527 

0.354 

2.013 

1.545 

56.327 

253.099 

0.000 

0.385 

1.230 

0.038 

0.583 

0.049 

0.378 

0.044 

0.064 

0.121 

0.406 

0.370 

0.357 

1.038 

0.084 

4.673 

27.632 

0.330 

8.027 

0.227 

0.260 

3-450 

0.669 

0.276 

0.266 

0.000 

1.672 

0.614 

0.029 

0.236 

0.217 

0.000 

1. 805 

7-353 
0.311 

4.104 

0.444 

3-900 

0.529 

0.0000 

0.0000 

0.0000 

1.0000 

0.0100 

0.5000 

0.0050 

0.0400 

0.809 o.o4oo 

1.671 0.0400 

8.637 0.0004 

5.182 0.0010 

5.007 0.00001 

21.638 0.0000 

0.483 

21.890 

123.152 

1.923 

42.013 

1.559 

1. 812 

20.232 

4.931 

2.213 

2.343 

0.114 

13.235 

5.141 

0.383 

2.249 

1. 762 

0.0000 0.000 

0.0000 0.000 

0.0000 0.000 

0.1000 0.192 

0.0010 0.042 

0.1000 0.156 

0.1000 0.181 

0.0010 0.020 

0.0100 0.049 

0.0100 0.022 

0.0100 0.023 

0.0100 0.001 

0.0001 0.001 

0.0001 0.001 

0.0001 0.000 

0.00001 0.000 

0.0000 0.000 

5. 063 61. 390 0.722 

48.662 245.434 0.690 

53-725 306.824 1.412 

Note: Number in column labelled "NUMB" indicates the following: 

0 - Isomer not detected at detection limit listed in "DL" column. 
>1 - Isomer detected at level in results column to left. 
<1 - Isomer detected, but did not meet all qualitative identification 

criteria; number listed in "DL" column is estimated Jp.aximum possible 
concentration {EMPC}. See Appendix C for further explanation. 
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PLANT 

SAMPLING LOCATION 

OPERATOR 

BAR. PRESS. ,in Hg 

STATIC PRESS.in H20 

LEAK TEST VACUUM,in.Hg 

LEAK RATE,CFM 

RUN START TIME 

RUN STOP TIME 

TOTAL NET RUN TIME (Minutes) 

PITOT TUBE COEFFICIENT 

GAS METER CALIB. FACTOR (Y) 

EST. DRY MOL. WT.(Lb/Lb-Mole) 

STACK/DUCT AREA (in2) 

Sample Sample Dry Gas 
Point Time Met. 

No. (min) (Cu.Ft) 
1 0 997.796 
2 10 1000.320 
3 20 1003.160 
4 30 1006.180 
5 40 1009.180 
6 50 1012.040 
7 6o 1014.980 
8 70 1017.760 
9 80 1020.540 
10 90 1023.190 
11 100 1025.800 
12 110 1028.500 
13 120 1032.900 
14 130 1033.230 
15 140 1035.940 
16 150 1038.640 
17 160 1041.410 
18 170 1044.000 
19 180 1046.720 
20 190 1049.250 
21 200 1052.180 
22 210 1055.240 
23 220 1058.520 
24 230 1061.790 

240 1064.886 

FINAL 
DIFF/AVGS. 67.087 

FIELD DATA 

Wheelabrator Environmental Systems 

Unit 2 Inlet 

Tom McDonald 

29.7000 

-2.2500 

15.0000 

0.0030 

08:45 

13:43 

240 

0.840 

1.006 

29.89 

8,659.0 

ANALYTICAL RESULTS DATA 

Pit.Vel Orif. -H Gas Met 
Head (inH20) (inH20) Temp. 

(inH20) Ideal Actual oF 
0.34 0.00 0.20 71 
0.42 0.00 0.25 72 
0.44 0.00 0.26 75 
0.46 0.00 0.27 77 
0.49 0.00 0.29 80 
0.43 0.00 0.26 80 
0.40 0.00 0.24 80 
0.43 0.00 0.26 82 
0.37 0.00 0.22 84 
0.41 0.00 0.24 85 
0.36 0.00 0.21 86 
0.32 0.00 0.20 80 
0.32 0.00 0.19 82 
0.41 0.00 0.24 82 
0.45 0.00 0.26 83 
0.40 0.00 0.27 84 
0.39 0.00 0.23 83 
0.42 0.00 0.25 85 
0.37 0.00 0.22 88 
0.41 0.00 0.24 89 
0.47 0.00 0.28 86 
0.55 0.00 0.33 87 
0.52 0.00 0.31 88 
0.54 0.00 0.32 88 

0.42 0.25 82 

A-19 

DATE 

RUN NUMBER 

NOZZLE # 

NOZZLE DIAMETER,inches 

METER BOX NUMBER 

METER BOX -H@ 

ASSUMED MOISTURE, % 

TOT VOL. H20 COLL. (ml) 

TOTAL CATCH -

Total CDD 

TOTAL CATCH -

Total CDF 

TOTAL CATCH -

Total CDD/CDF 

Filter Conden. Imp.Ex. 
Temp Temp. Temp. 

oF oF oF 
251.0 30 43 
256.0 29 49 
250.0 29 49 
252.0 28 48 
251.0 29 49 
252.0 30 48 
252.0 30 49 
255.0 31 53 
253.0 28 52 
252.0 28 53 
253.0 29 53 
252.0 28 55 
254.0 29 43 
253.0 29 44 
255.0 29 46 
255.0 30 48 
255.0 29 51 
253.0 27 50 
261.0 28 51 
260.0 29 47 
255.0 29 48 
257.0 30 49 
250.0 30 51 
251.0 29 49 

2/10/88 

2-MM5-I-5 

905 

0.181 

Nutech 10 

1. 75 

12.0 

200.0 

66.591 

339.244 

405.835 

Stack 
Temp 

oF 
421 
423 
421 
427 
424 
427 
430 
433 
429 
427 
425 
423 
421 
424 
426 
428 
432 
434 
434 
431 
438 
438 
443 
445 

429 

ng 

ng 

ng 

Leak 
Chec 

(u4o,4 

64.8 
64.8 



2/10/88 

Theta 

Dia 

Cp 
y 

Pbar 

Delta H 

Vm 

tm 

Vm(std) 

Vlc 

Vw(std) 

%H20 

Mfd 

%C02 

%02 

Fo 

Md 

Ms 

Pg 

Ps 

ts 

Delta p 

VS 

A 

Qsd 

Qaw 

%I 

ISOKINETIC SAMPLING TRAIN FIELD DATA AND RESULTS 

Wheelabrator Environmental Systems 

Run Start Time 
Run Finish Time 

Net Run Time, Minutes 

Net Sampling Points 

Nozzle Diameter, Inches 

Pitot Tube Coefficient 

Dry Gas Meter Calibration Factor 

Barometric Pressure, Inches Hg 

Avg. Pressure Differential of 
Orifice Meter, Inches H20 

Volume of Metered Gas Sample, Dry ACF 

Dry Gas Meter Temperature, Degrees F 

Volume of Metered Gas Sample, Dry SCF 

Total Volume of Liquid Collected 
in Impingers and Silica Gel, ml 

Volume of Water Vapor, SCF 

Moisture Content, % by Volume 

Dry Mole Fraction 

Percent C02 by Volume, Dry 

Percent 02 by Volume, Dry 

Orsat Validation Value 

Estimated Dry Molecular Wt, Lb/Lb-Mole 

Wet Molecular Weight, Lb/Lb-Mole 

Flue Gas Static Pressure, in. Hg 

Absolute Flue Gas Press., in Hg 

Flue Gas Temperature, Degrees F 

Average Velocity Head, in. H20 

Flue Gas Velocity, Ft/Sec 

Stack/Duct Area, Sq. Inches 

Volumetric Air Flow Rate, Dry SCFM 

Volumetric Air Flow Rate, Wet ACFM 

Isokinetic Sampling Rate, % 

2-MM5-I-5 

08:45 
13:43 

240 

24 

0.181 

0.840 

1.006 

29.700 

0.252 

67.087 

82.4 

65.232 

200.0 

9.414 

12.61 

0.874 

9.3 

10.0 

1.172 

29.89 

28.39 

-2.250 

29.535 

429 

0.4195 

47.90 

8,659 

88,509.6 

172,821.5 

103.3 

*Standard conditions: 68°F and 29.92 inches of Hg. 
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2/10/88 

ng 

mg/dscm 

gr/dscf 

lb/hr 

kg/hr 

ng 

mg/dscm 

gr/dscf 

lb/hr 

kg/hr 

ng 

mg/dscm 

gr/dscf 

lb/hr 

EMISSIONS RESULTS 

Wheelabrator Environmental Systems 

FLUE GAS TEMPERATURE 

Degrees Fahrenheit 

Degrees Centigrade 

AIR FLOW RATES x million 

Actual Cubic Meters/hr 

Actual Cubic Feet/hr 

Dry Std. Cubic Meters/hr 

Dry Std. Cubic Feet/hr 

CONCENTRATIONS AND EMISSION RATES - PMRc 

Total CDD 

Catch 

Concentration, mg/dscm 

Concentration, grains per dscf 

Emission Rate, lb/hr (PMRc) 

Emission Rate, kg/hr (PMRc) 

Total CDF 

Catch 

Concentration, mg/dscm 

Concentration, grains per dscf 

Emission Rate, lb/hr (PMRc) 

Emission Rate, kg/hr (PMRc) 

Total CDD/CDF 

Catch 

Concentration, mg/dscm 

Concentration, grains per dscf 

Emission Rate, lb/hr (PMRc) 

2-MM5-I-5 

429.3 

220.7 

0.2936 

10.3693 

0.1504 

5.3106 

66.591 ng 

0.036 X 

0.016 X 

0.012 X 

0.005 X 

339.244 ng 

0.184 X 

0.080 X 

0.061 X 

0.028 X 

10E-3 

10E-6 

10E-3 

10E-3 

10E-3 

10E-6 

10E-3 

10E-3 

405.835 ng 

0.220 x 10E-3 

0.096 x 10E-6 

0.073 x 10E-3 

Note: Concentrations and emission rates not corrected to 12% C02 . 
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Job Name: Millbury 

EEl Ref'#: 3516 

Run IDs: 2-MM5-IN-5 

NAME 

TOTAL MCDD 

TOTAL DCDD 

TOTAL TriCDD 

2378-TCDD 

OTHER TCDD 

12378-PCDD 

OTHER PCDD 

123478-HxCDD 

123678-HxCDD 

123789-HxCDD 

OTHER HxCDD 

1234678-HpCDD 

OTHER HpCDD 

OCDD 

TOTAL MCDF 

TOTAL DCDF 

TOTAL TriCDF 

2378-TCDF 

OTHER TCDF 

12378-PCDF 

23478-PCDF 

OTHER PCDF 

123478-HxCDF 

123678-HxCDF 

234678-HxCDF 

123789-HxCDF 

OTHER HxCDF 

1234678-HpCDF 

1234789-HpCDF 

OTHER HpCDF 

OCDF 

TOTAL COD 

TOTAL CDF 

TOTAL CDD/CDF 

Front 

Half 

Amount 

Back 

Half 

Amount 

(ng) NUMB 

0.000 0 

2.336 1 

9.605 6 

DL 

0.008 

0.000 

0.000 

(ng) NUMB DL 

0.000 0 0.003 

0.313 1 0.000 

0.905 5 0.000 

0.450 

6.709 

0.800 

5-595 
0.948 

1.120 

2.855 

10.402 

5-360 

4.887 

12.728 

0.539 

32-369 

137-351 
2.500 

60.228 

2.306 

2.424 

27.381 

7-302 

3-393 

3.369 

0.000 

20.519 

6.683 

0.477 

2.887 

2.000 

63.795 

311.728 

375-523 

1 0.000 0.000 -1 0.030 

13 0.000 0.359 12 0.000 

1 0.000 0.020 1 0.000 

11 0.000 0.136 9 0.000 

1 0.000 0.014 1 0.000 

0.000 0.020 1 0.000 

1 0.000 0.039 1 0.000 

7 0.000 0.159 5 0.000 

1 0.000 0.109 1 0.000 

2 0.000 0.144 2 0.000 

0.000 0.578 1 0.000 

2 0.000 0.477 3 0.000 

7 0.000 2.319 3 0.000 

12 0.000 16.391 10 0.000 

1 0.000 0.170 1 0.000 

15 0.000 4.529 13 0.000 

1 0.000 0.101 1 0.000 

1 0.000 0.103 1 0.000 

14 0.000 1.310 12 0.000 

1 0.000 0.271 1 0.000 

1 0.000 0.118 1 0.000 

1 0.000 0.099 1 0.000 

-1 0.225 0.009 1 0.000 

11 0.000 0.797 11 0.000 

1 0.000 0.300 1 0.000 

1 0.000 0.041 1 0.000 

4 0.000 0.161 4 0.000 

1 0.000 0.320 1 0.000 

2.796 

27-516 

30.312 

Front HalfBack Half BH+FH 2378-

TCDD 

Toxic 

Equiv 

Cone 

Corr 

12% C02 

Cone Cone 

Corr Corr 

12% C02 12% C02 

(ng/dscm) (ng/dscm)(ng/dscm) Factor 

2378-

TCDD 

Toxic 

Equiv 

0.000 

0.000 

0.000 

0.000 0.000 0.000 0.0000 

1.633 0.219 1.852 o.oooo 
6.714 0.633 7-347 0.0000 

0.315 

4.690 

0.559 

3-911 

0.663 

0.783 

1.996 

7-271 

3-747 

3.416 

8.897 

0.377 

22.627 

96.014 

1.748 

42.102 

1.612 

1.694 

19-141 

5.104 

2-372 

2-355 

0.000 

14.344 

4.672 

0-333 
2.018 

1.398 

44.595 

217.911 

262.507 

0.000 

0.251 

0.014 

0.095 

0.010 

0.014 

0.027 

0.111 

0.076 

0.101 

0.404 

0.333 

1. 621 

11.458 

0.119 

3.166 

0.071 

0.072 

0.916 

0.189 

0.082 

0.069 

0.006 

0.557 

0.210 

0.029 

0.113 

0.224 

0.315 

4.941 

0.573 

4.006 

0.672 

0.797 

2.023 

7-383 

3.823 

3-517 

9-301 

0.710 

24.248 

107.472 

1.866 

45.268 

1.683 

1.766 

20.056 

5-294 

2.454 

2.424 

1.0000 0.315 

0.0100 0.049 

0.5000 0.287 

0.0050 0.020 

0.0400 0.027 

0.0400 0.032 

0.0400 0.081 

0.0004 0.003 

0.0010 0.004 

0.00001 0.000 

0.0000 0.000 

0.0000 0.000 

0.0000 0.000 

0.0000 0.000 

0.1000 0.187 

0.0010 0.045 

0.1000 0.168 

0.1000 0.177 

0.0010 0.020 

0.0100 0.053 

0.0100 0.025 

0.0100 0.024 

0.006 0.0100 0.000 

14.901 0.0001 0.001 

4.881 0.0001 0.000 

0.362 0.0001 0.000 

2.131 0.00001 0.000 

1.622 0.0000 0.000 

1.955 46.550 0.817 

19.235 237.146 0.701 

21.189 283.696 1.518 

Note: Number in column labelled "NUMB" indicates the following: 

0 - Isomer not detected at detection limit listed in "DL" column. 
>1 - Isomer detected at level in results column to left. 
<1 - Isomer detected, but did not meet all qualitative identification 

criteria; number listed in "DL" column is estimated maximum possible 
concentration (EMPC). See Appendix C for further explanation. 
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Job Name: Millbury 

EEl Ref#: 3516 

Run IDs: Bottom Ash, Economizer/Generator Ash 

NAME 

TOTAL MCDD 

TOTAL DCDD 

TOTAL TriCDD 

237S-TCDD 

OTHER TCDD 

12378-PCDD 

OTHER PCDD 

123478-HxCDD 

123678-HxCDD 

123789-HxCDD 

OTHER HxCDD 

1234678-HpCDD 

OTHER HpCDD 

OCDD 

Bottom 

(ng/samp} (g) 

0.000 10.19 

0.000 10.19 

Ash 

(ng/g) NUMB 

0.000 0 

0.000 0 

DL 

0.001 

0.001 

0.000 10.19 0.000 

10.19 0.000 

0.000 10.19 0.000 

0.000 10.19 0.000 

0.000 10.19 0.000 

0.000 10.19 0.000 

0.000 10.19 0.000 

0.000 10.19 0.000 

0.000 10.19 0.000 

0.027 10.19 0.003 

0.000 10.19 0.000 

0.164 10.19 0.016 

0.000 10.19 0.000 

0.000 10.19 0.000 

0.091 10.19 0.009 

10.19 0.0004 

0 0.003 

-1 0.001 

-1 0.001 

0 0.001 

0 0.001 

0 0.001 

0 0.001 

0 0.001 

-2 0.035 

1 0.000 

1 0.000 

1 0.000 

0 0.001 

0 0.001 

1 0.000 

1 0.000 

0.037 10.19 0.004 2 0.000 

0.000 10.19 0.000 0 0.001 

0.000 10.19 0.000 -1 0.001 

0.030 10.19 0.003 2 0.000 

0.000 10.19 0.000 0 0.001 

0.000 10.19 0.000 0 0.001 

(ng/samp) (g) 

0.000 10.09 

0.000 10.09 

0.000 10.09 

10.09 

0.259 10.09 

0.056 10.09 

0.042 10.09 

0.000 10.09 

0.000 10.09 

0.000 10.09 

0.195 10.09 

0.447 10.09 

0.347 10.09 

1.162 10.09 

0.000 10.09 

0.000 10.09 

6.102 10.09 

10.09 

7. 284 10.09 

0.000 10.09 

0.256 10.09 

2.359 10.09 

0.419 10.09 

0.193 10.09 

Econ/Gen 

Ash 

(ng/g) NUMB 

0.000 0 

0.000 -1 

DL 

0.001 

0.016 

0.000 

0.005 

0.026 

0.006 

0.004 

0.000 

0.000 

0.000 

0.019 

0.044 

0.034 

0.115 

0.000 

0.000 

0.605 

0.030 

0.722 

0.000 

0.025 

0.234 

0.042 

0.019 

-1 0.009 

1 0.000 

4 0.000 

1 0.000 

2 0.000 

0 0.003 

0 0.003 

-1 0.006 

1 0.000 

1 0.000 

2 0.000 

1 0.000 

-4 0.015 

-2 0.095 

8 0.000 

1 0.000 

13 

-1 

1 

8 

1 

1 

0.000 

0.022 

0.000 

0.000 

0.000 

0.000 

2378-

TCDD 

Toxic 

Equiv 

Factor 

0.0000 

0.0000 

0.0000 

1.0000 

0.0100 

0.5000 

0.0050 

0.0400 

0.0400 

0.0400 

0.0004 

0.0010 

0.00001 

0.0000 

0.0000 

0.0000 

0.0000 

0.1000 

0.0010 

0.1000 

0.1000 

0.0010 

0.0100 

0.0100 

Bottom Econ/Gen 

Ash Ash 

2378- 2378-

TCDD TCDD 

Toxic Toxic 

Equiv 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

TOTAL MCDF 

TOTAL DCDF 

TOTAL TriCDF 

2378-TCDF 

OTHER TCDF 

12378-PCDF 

23478-PCDF 

OTHER PCDF 

123478-HxCDF 

123678-HxCDF 

234678-HxCDF 

123789-HxCDF 

OTHER HxCDF 

1234678-HpCDF 

1234789-HpCDF 

OTHER HpCDF 

OCDF 

0.000 10.19 0.000 0 0.001 

0 0.001 

0 0.001 

1 0.000 

0 0.001 

1 0.000 

0.214 10.09 0.021 0.000 

0 0.003 

6 0.000 

0.0100 0.000 

Equiv 

0.000 

0.000 

0.000 

0.005 

0.000 

0.003 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.003 

0.001 

0.000 

0.003 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

TOTAL CDD 

TOTAL CDF 

TOTAL CDD/CDF 

0.000 10.19 

0.000 10.19 

0.038 10.19 

0.000 10.19 

0.005 10.19 

0.000 10.19 

0.000 

0.000 

0.004 

0.000 

0.000 

0.000 

0.019 

0.020 

0.039 

-1 0.005 

0.000 10.09 

0.861 10.09 

0.619 10.09 

0.067 10.09 

0.371 10.09 

0.488 10.09 

0.000 

0.085 

0.061 

0.007 

0.037 

0.048 

0.254 

1.936 

2.190 

1 0.000 

1 0.000 

4 0.000 

1 0.000 

0.0100 

0.0001 

0.0001 

0.0001 

0.00001 

0.0000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

Note: Number in column labelled "NUMB" indicates the following: 

0 - Isomer not detected at detection limit listed in "DL" column. 
>1 - Isomer detected at level in results column to left. 
<1 - Isomer detected, but did not meet all qualitative identification 

criteria; number listed in "DL" column is estimated maximum possible 
concentration (EMPC). See Appendix C for further explanation. 
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Job Name: Millbury 

EEl Ref#: 3516 

Run IDs: Spray Dryer Ash, ESP Ash All Fields 

Spray DrESP All 

NAME 

TOTAL MCDD 

TOTAL DCDD 

TOTAL TriCDD 

2378-TCDD 

OTHER TCDD 

12378-PCDD 

OTHER PCDD 

123478-HxCDD 

123678-HxCDD 

123789-HxCDD 

OTHER HxCDD 

1234678-HpCDD 

OTHER HpCDD 

OCDD 

TOTAL MCDF 

TOTAL DCDF 

TOTAL TriCDF 

2378-TCDF 

OTHER TCDF 

12378-PCDF 

23478-PCDF 

OTHER PCDF 

123478-HxCDF 

123678-HxCDF 

234678-HxCDF 

123789-HxCDF 

OTHER HxCDF 

1234678-HpCDF 

1234789-HpCDF 

OTHER HpCDF 

OCDF 

TOTAL CDD 

TOTAL CDF 

TOTAL CDD/CDF 

. (ng/samp) (g) 

0.000 10.15 

0.000 10.15 

0.000 10.15 

10.15 

0.105 10.15 

0.000 10.15 

0.125 10.15 

0.000 10.15 

0.000 10.15 

0.262 10.15 

0.425 10.15 

0.493 10.15 

0.657 10.15 

0.953 10.15 

0.000 10.15 

0.000 10.15 

1.257 10.15 

10.15 

4.856 10.15 

0.312 10.15 

0.325 10.15 

3-170 10.15 

0.902 10.15 

0.000 10.15 

0.000 10.15 

0.000 10.15 

1.576 10.15 

1.099 10.15 

0.000 10.15 

0.163 10.15 

0.000 10.15 

Spray Dryer 

Ash 

(ng/g) NUMB DL 

0.000 

0.000 

0.000 

0.010 

0.010 

0.000 

0.012 

0.000 

0.000 

0.026 

0.042 

0.049 

0.065 

0.094 

0.000 

0.000 

0.124 

0.030 

0.478 

0.031 

0.032 

0.312 

0.089 

0.000 

0.000 

0.000 

0.155 

0.108 

0.000 

0.016 

0.000 

0.308 

1. 683 

0 0.003 

0 0.005 

0 0.010 

1 0.000 

1 0.000 

0 0.008 

1 

0 

0 

1 

2 

1 

2 

1 

0 

0 

3 
1 

8 

1 

1 

9 
1 

-1 

-1 

0 

2 

1 

0 

1 

0 

0.000 

0.013 

0.010 

0.000 

0.000 

0.000 

0.000 

0.000 

0.003 

0.008 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.045 

0.029 

0.010 

0.000 

0.000 

0.013 

0.000 

0.030 

ESP All 

Ash 

2378-

TCDD 

Toxic 

Equiv 

Ash 

2378-

TCDD 

Toxic 

(ng/samp) (g) (ng/g) NUMB DL Factor Equiv 

0.000 10.13 

0.671 10.13 

1.359 10.13 

10.13 

2.736 10.13 

0.402 10.13 

2.620 10.13 

0.420 10.13 

0.654 10.13 

1.286 10.13 

3.014 10.13 

3-745 10.13 

3.484 10.13 

9-534 10.13 

0.369 10.13 

15.072 10.13 

31.874 10.13 

10.13 

39.114 10. 13 

1.666 10.13 

2.081 10.13 

21.289 10.13 

4.336 10.13 

2.311 10.13 

2.278 10.13 

0.000 10.13 

11.47610.13 

5-890 10.13 

0.000 10.13 

1.813 10.13 

1.766 10.13 

0.000 

0.066 

0.134 

0.030 

0.270 

0.040 

0.259 

0.041 

0.065 

0.127 

0.298 

0.370 

0.344 

0.941 

0.036 

1.488 

3.146 

0.150 

3.861 

0.164 

0.205 

2.102 

0.428 

0.228 

0.225 

0.000 

1.133 

0.581 

0.000 

0.179 

0.174 

2.984 

14.102 

0 0.001 

1 0.000 

3 0.000 

1 0.000 

0.0000 

0.0000 

0.0000 

1.0000 

0.0100 

0.5000 

13 0.000 

1 0.000 

9 
1 

1 

1 

5 
1 

2 

1 

2 

7 
11 

1 

14 

1 

1 

13 

1 

1 

1 

-1 

11 

1 

-1 

2 

1 

0.000 0.0050 

0.000 0.0400 

0.000 0.0400 

0.000 0.0400 

0.000 0.0004 

0.000 0.0010 

0.000 0.00001 

0.000 0.0000 

0.000 0.0000 

0.000 0.0000 

0.000 0.0000 

0.000 0.1000 

0.000 0.0010 

0.000 0.1000 

0.000 0.1000 

0.000 0.0010 

0.000 0.0100 

0.000 0.0100 

0.000 0.0100 

0.014 0.0100 

0.000 0.0001 

0.000 0.0001 

0.045 0.0001 

0.000 0.00001 

0.000 0.0000 

0.000 

0.000 

0.000 

0.010 

0.000 

0.000 

0.000 

0.000 

0.000 

0.001 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.003 

0.000 

0.003 

0.003 

0.000 

0.001 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.011 

0. 011 

0.022 

Note: Number in column labelled "NUMB" indicates the following: 

0 - Isomer not detected at detection limit listed in "DL" column. 
>1 - Isomer detected at level in results column to left. 
<1 - Isomer detected, but did not meet all qualitative identification 

criteria; number listed in "DL" column is estimated maximum possible 
concentration (EMPC). See Appendix C for further explanation. 
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Ash 

2378-

TCDD 

Toxic 

Equiv 

0.000 

0.000 

0.000 

0.030 

0.003 

0.020 

0.001 

0.002 

0.003 

0.005 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.015 

0.004 

0.016 

0.021 

0.002 

0.004 

0.002 

0.002 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.064 

0.067 

0.131 



Job Name: Millbury 

EEl Ref#: 3516 

Run IDs: ESP Ash Fields 2 & 3, ESP Ash Field 3 

NAME 

TOTAL MCDD 

TOTAL DCDD 

TOTAL TriCDD 

2378-TCDD 

OTHER TCDD 

12378-PCDD 

OTHER PCDD 

123478-HxCDD 

123678-HxCDD 

123789-HxCDD 

OTHER HxCDD 

1234678-HpCDD 

OTHER HpCDD 

OCDD 

TOTAL MCDF 

TOTAL DCDF 

TOTAL TriCDF 

2378-TCDF 

OTHER TCDF 

12378-PCDF 

23478-PCDF 

OTHER PCDF 

123478-HxCDF 

123678-HxCDF 

234678-HxCDF 

123789-HxCDF 

OTHER HxCDF 

1234678-HpCDF 

1234789-HpCDF 

OTHER HpCDF 

OCDF 

TOTAL CDD 

TOTAL CDF 

TOTAL CDD/CDF 

(ng/samp) (g) 

0.000 9-59 

0.000 9-59 

1. 060 9-59 

3-721 

0.603 

2.687 

0.579 

1.034 

1.838 

4.804 

5-115 

5-273 

10.395 

0.000 

0.000 

31.422 

60.028 

2.641 

3.124 

30.342 

6.154 

3.380 

3.212 

0.000 

18.043 

8.345 

0.620 

3-374 

2.049 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

9-59 

ESP 2,3 

Ash 

(ng/g) NUMB 

0.000 0 

0.000 0 

0.111 2 

0.040 1 

0. 388 11 

0.063 1 

0.280 6 

0.060 1 

0.108 1 

0.192 1 

0.501 5 

0.533 1 

0.550 2 

1. 084 1 

0.000 0 

0.000 0 

3-277 10 

0.250 1 

6.259 14 

0.275 1 

0.326 1 

3.164 12 

0.642 1 

0.352 1 

0.335 1 

0.000 -1 

1. 881 11 

0.870 1 

0.065 1 

0.352 4 

0.214 1 

3-910 

18.262 

22.171 

DL 

0.003 

0.005 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.003 

0.008 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.024 

0.000 

0.000 

0.000 

0.000 

0.000 

ESP 3 

Ash 

(ng/samp) (g) (ng/g) NUMB 

0.000 10.02 

0.000 10.02 

3-877 10.02 

10.02 

11.546 10.02 

1.252 10.02 

14.150 10.02 

1.759 10.02 

4.194 10.02 

5.897 10.02 

36.337 10.02 

21.943 10.02 

22.157 10.02 

44.474 10.02 

2.379 10.02 

57-988 10.02 

0.000 

0.000 

0.387 

0.090 

1.152 

0.125 

1.412 

0.176 

0.419 

0.589 

3.626 

2.190 

2.211 

4.439 

0.237 

5-787 

0 

-1 

2 

1 

8 

1 

7 
1 

1 

1 

6 

1 

2 

1 

1 

5 
153.416 10.02 15-311 11 

10.02 0.620 1 

199-722 10.02 19.932 13 

7.110 10.02 

8.272 10.02 

94.405 10.02 

21.279 10.02 

11.778 10.02 

12.492 10.02 

0.000 10.02 

55-925 10.02 

30.074 10.02 

2.536 10.02 

9-551 10.02 

7-893 10.02 

0.710 

0.826 

9.422 

2.124 

1.175 

1.247 

0.000 

5.581 

3.001 

0.253 

0.953 

0.788 

16.815 

1 

1 

13 

1 

1 

1 

-1 

9 
1 

1 

3 
1 

Note: Number in column labelled "NUMB" indicates the following: 

2378-

TCDD 

Toxic 

Equiv 

DL Factor 

0.008 0.0000 

0.245 0.0000 

0.000 0.0000 

0.000 1.0000 

0.000 0.0100 

0.000 0.5000 

0.000 0.0050 

0.000 0.0400 

0.000 0.0400 

o.ooo o.o4oo 
0.000 0.0004 

0.000 0.0010 

0.000 0.00001 

0.000 0.0000 

0.000 0.0000 

0.000 0.0000 

0.000 0.0000 

0.000 0.1000 

0.000 0.0010 

0.000 0.1000 

0.000 0.1000 

0.000 0.0010 

0.000 0.0100 

0.000 0.0100 

0.000 0.0100 

0.081 0.0100 

0.000 0.0001 

0.000 0.0001 

0.000 0.0001 

0.000 0.00001 

0.000 0.0000 

0 - Isomer not detected at detection limit listed in "DL" column. 
>1 - Isomer detected at level in results column to left. 

ESP 2,3 ESP 3 

Ash 

2378-

TCDD 

Toxic 

Equiv 

0.000 

0.000 

0.000 

0.040 

0.004 

0.031 

0.001 

0.002 

0.004 

0.008 

0.000 

0.001 

0.000 

0.000 

0.000 

0.000 

0.000 

0.025 

0.006 

0.028 

0.033 

0.003 

0.006 

0.004 

0.003 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

Ash 

2378-

TCDD 

Toxic 

Equiv 

0.000 

0.000 

0.000 

0.090 

0.012 

0.062 

0.007 

0.007 

0.017 

0.024 

0.001 

0.002 

0.000 

0.000 

0.000 

0.000 

0.000 

0.062 

0.020 

0.071 

0.083 

0.009 

0.021 

0.012 

0.012 

0.000 

0.001 

0.000 

0.000 

0.000 

0.000 

0.092 0.222 

0.108 0.291 

0.200 0.513 

<1 - Isomer detected, but did not meet all qualitative identification 
criteria; number listed in "DL" column is estimated maximum possible 
concentration {EMPC). See Appendix C for further explanation. 
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Job Name: Millbury 

EEl Ref#: 3516 

Run IDs: Lime 

NAME 

TOTAL MCDD 

TOTAL DCDD 

TOTAL TriCDD 

2378-TCDD 

OTHER TCDD 

12378-PCDD 

OTHER PCDD 

123478-HxCDD 

123678-HxCDD 

123789-HxCDD 

OTHER HxCDD 

1234678-HpCDD 

OTHER HpCDD 

OCDD 

TOTAL MCDF 

TOTAL DCDF 

. TOTAL TriCDF 

2378-TCDF 

OTHER TCDF 

12378-PCDF 

23478-PCDF 

OTHER PCDF 

123478-HxCDF 

123678-HxCDF 

234678-HxCDF 

123789-HxCDF 

OTHER HxCDF 

1234678-HpCDF 

1234789-HpCDF 

OTHER HpCDF 

OCDF 

TOTAL CDD 

TOTAL CDF 

TOTAL CDD/CDF 

(ng/sample) 

0.000 

0.000 

0.000 

0.000 

0.108 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.311 

0.250 

1.591 

0.000 

0.000 

0.171 

0.020 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.175 

0.311 

0.000 

0.046 

0.263 

(g) 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

6.39 

Lime 

(ng/g) NUMB 

0.000 0 

0.000 0 

0.000 0 

0.000 -1 

0.017 1 

0.000 0 

0.000 0 

0.000 0 

0.000 0 

0.000 0 

0.000 -1 

0.049 1 

0.039 

0.249 

2 

1 

0.000 0 

0.000 0 

0.027 1 

0.003 1 

0.000 -2 

0.000 0 

0.000 0 

0.000 -2 

0.000 0 

0.000 0 

0.000 0 

0.000 0 

0.027 

0.049 

0.000 

0.007 

0.041 

0.354 

0.154 

0.508 

1 

1 

0 

1 

1 

DL 

0.033 

0.062 

0.118 

0.010 

0.000 

0.110 

0.110 

0.098 

0.090 

0.110 

0.347 

0.000 

2378-

TCDD 

Toxic 

Equiv 

Factor 

0.0000 

0.0000 

0.0000 

1.0000 

0.0100 

0.5000 

0.0050 

0.0400 

0.0400 

0.0400 

0.0004 

0.0010 

Lime 

2378-

TCDD 

Toxic 

Equiv 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 0.00001 0.000 

0.000 0.0000 0.000 

0.022 0.0000 0.000 

0.095 0.0000 0.000 

0.000 0.0000 0.000 

0.000 0.1000 0.000 

0.213 0.0010 0.000 

0.073 0.1000 0.000 

0.075 0.1000 0.000 

0.380 0.0010 0.000 

0.055 0.0100 0.000 

0.048 0.0100 0.000 

0.065 0.0100 0.000 

0.083 0.0100 0.000 

0.000 0.0001 0.000 

0.000 0.0001 0.000 

0.065 0.0001 0.000 

0.000 0.00001 0.000 

0.000 0.0000 0.000 

0.000 

0.000 

0.001 

Note: Number in column labelled "NUMB" indicates the following: 

0 - Isomer not detected at detection limit listed in "DL" column. 
>1 - Isomer detected at level in results column to left. 
<1 - Isomer detected, but did not meet all qualitative identification 

criteria; number listed in "DL" column is estimated maximum possible 
concentration (EMPC). See Appendix C for further explanation. 
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Run No. 

EXAMPLE CALCULATIONS 

Wheelabrator Resource Recovery Facility 
Millbury, Massachusetts 

2-MM5-I-1 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 

(Pbar + Delta H/13.6) 
Vm(std) = 17.64 * Y * Vm * 

(460 + tm) 

Vm(std) = 17.64 * 1.0060 * 
( 29.700 + 0.312 /13.6) 

77.733 * -----------------------
(460 + 85.2 ) 

Vm(std) 75.203 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

Vw( std) = 0.04707 * Vlc 

Vw(std) = 0.04707 * 226.00 = 10.638 SCF 

PERCENT MOISTURE, BY VOLUME, AS MEASURED IN FLUE GAS 

%H20 = 100 * Vw(std) I (Vw(std) + Vm(std)) 

10.638 
%H20 = 100 * 12.4% 

10.638 + 75.203 

DRY MOLE FRACTION OF FLUE GAS 

Mfd = 1 - %H20/100 

Mfd = 1 12.4% 0.876 

WET MOLECULAR WEIGHT OF FLUE GAS 

Ms = (Md * Mfd) + (0.18 * %H20) 

Ms = 29.92 * 0.876 )+ ( 0.18 * 12.4 )= 28.44 LB/LB-MOLE 

*Standard conditions: 68°F and 29.92 inches of Hg. 
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EXAMPLE CALCULATIONS Page 2 

Run No. 2-MM5-I-l 

ABSOLUTE FLUE GAS PRESSURE 

Ps Pbar + Pg I 13.6 

Ps = 29.700 + ( -2.250 I 13.6) = 

AVERAGE FLUE GAS VELOCITY e: (Delta p)avg is square of avg sq. root] 

(Delta p)avg * (460 + ts) 
vs = 85.49 * Cp * SQRT------------------------- ] 

Ps * Ms 

0.5140 * (460 + 440.0 ) 
vs = 85.49 * 0.840 * SQRT ----------------------------- ] 

29.53 * 28.44 

vs = 53.29 FTISEC 

DRY VOLUMETRIC FLUE GAS FLOW RATE @ STANDARD CONDITIONS 

60 Tstd Ps 
Qsd = * Mfd * vs * A * ------------- * 

144 ts + 460 Pstd 

60 528 29.53 
Qsd = * 0.876 * 53.29 * 8659 * * ------

144 440.0 + 460 29.92 

Qsd = 97,545 SCFM 

WET VOLUMETRIC STACK GAS FLOW RATE @ FLUE GAS CONDITIONS 

Qaw = 601144 * vs * A 

Qaw 601144 * 53.29 * 8659 192,266 ACFM 

PERCENT ISOKINETIC OF SAMPLING RATE 

Pstd 100 (ts + 460) * Vm(stsd) 
%I = * * ----------------------------------------------------

Tstd 60 Ps * vs * Mfd * Theta * Area-Nozzle, sq. ft. 

29.92 100 440.0 + 460) * 75.203 
%I = * * -----------------------------------------------

528 60 29.53 * 53.29 * 0.876 * 240.0 *0.000178 

%I = 108.1 % 
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EXAMPLE CALCULATIONS Page 3 

Run No. 2-MM5-I-l 

GRAINS PER DRY STANDARD CUBIC FOOT Total CDDICDF 

7000 grains ngs 
griDSCF = ------------------ * 

453,592,000,000 ng Vm(std) 

7000 456.723 
griDSCF = -------------- * ------- = 9.372E-08 

453,592,000,000 75.203 

NANOGRAMS PER DRY STANDARD CUBIC METER: Total CDDICDF 

35.43 ft3 ngs 
ngldscm = --------- * 

1 m3 Vm(std) 

ngldscm = 35.34 * 456.723 I 75.203 = 214.6 

POUNDS PER HOUR - PMRc: Total CDDICDF 

1 lb 60 min grains dscf 
lblhr = ----------- * -------- * ------ * ------

7000 grains 1 hr dscf min 

lblhr = 60 I 7000 * 9.37E-08 * 97545 = 7.836E-05 

NANOGRAMS PER DRY STANDARD CUBIC METER CORRECTED TO 12% C02: Total CDDI 

ng 12 
ngldscm (carr) = * ------

dscm %C02 

ngldscm (carr) = 214.625 * 121 9.4 = 273.99 
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EXAMPLE CALCULATIONS Page 4 

Run No. 2-MM5-I-l 

2378 - TOXIC EQUIVALENTS: 

2378-TCDD Toxic Equiv = 
(ng/dscm) 

12378-PCDD 

35.34 ft3 ngs 12 
--------- * ------- * 

1 m3 Vm(std) %C02 

1.429 12 

* 
Toxic 
Equiv 
Factor 

2378-TCDD Toxic Equiv = 35.34 
(ng/dscm) 

* ------ * * 0.5000 
75.203 9.4 

= 0.429 

PROCESS SAMPLES - NANOGRAMS PER GRAM: ESP Ash, All Fields - OCDD 

ng in sample 
ng/g = 

sample wt. (g) 

9.534 
ng/g = = 0.941 

10.13 
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APPENDIX B 

FIELD AND ANALYTICAL DATA 

e MM5 Field Data 
• Orsat Field Data 
• Process Sample Collection Forms 
• Sample Recovery and Integrity Data Form 

(Moisture Data) 
• Sample Inventory 
• Triangle Laboratories Sample Tracking Form 
• Triangle Laboratories CDD/CDF Analytical Data 
• Triangle Laboratories Confirmational Analytical 

Data 
• Percent Carbon, Percent Ash for Ash Samples 
• Percent Solids, Specific Gravity for Lime Slurry 

Samples 
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'i 
' J 

"' 

- ' 

. ) 

F-0003 
8/86 

Preliminary Field 

PLANT \JAtv1E wL e e/q bC<5tD7\e 

LOCATION !4, tfbt.srl 1 /41c..ss.. 
SAMPLING L0CATiON,;/;,tf2.£bA k~ 
DUCT DEPTH I L ~ II 
FROM INSIDE FAR WALL TO OUTSIDE OF PORT - - -

. ltf'' 

Data 
DRAW HORIZONTAL LlllE THROUGH DIA . .'1ETERS 

If more than 8 and 2 diameters and if duct 
dia. is less than 24", use 8 or-9-points. 

VELOCITY 
DIAMETERS 

PARTICULATE 

" '· UP DOWN 

"' ·. " 8-1-2.0 
' ·, / 

' 
12 ' 12 

" 7 1- 1. 75 
' ' NIPPLE LENGTH 

DEPTH OF DUCT 
'" ' 

'"' ', 6 - I 16 
1- 1. 5 

WIDTH (RECTANGULAR DUCT) 

EQUIVALENT DIAMETER: 

D - 2X DEPTH X WIDTH 
E- DEPTH+ WIDTH 

...::2"'-( ---'-''(-~) -
( + )----

DISTANCE FROM 
PORTS TO NEAREST 
FLOW DISTURBANCE 

LPSTREAM 

- -'$5' ' 
DOWNSTREAM -~~, 

DIAMETERS ,.. •4 _,., 1. • 2-

LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS 
A 

16 

% OF 
DUCT 

Point DEPTH 

I '1. .-J 
2 (.,.7 
3 Jf.,~ 
4 /7~7 

t .· 20 

/ 

5 - - 1.25 

2 + o.s 
24 or 25 

DISTANCE DISTANCE 
FROM INSIDE FROM OUTSIDE 

WALL OF PORI 

2Jiv jt,IN 
71 2.-/ I I 
/'2. YL_ ~~, 
}<'{~ ~29 1 

! 4 6 8 10 (U w lA 1.1 20 22 at 
~~--

4.4 3.2 2.6 /2·1 1.8 1.6 1.4 1.3 1.1 1.1 1 I 6. 7 
5 ~ 1-_(;l/- t(afv 

~ 

3 
4 
5 
6 
7 
B 
9 

lC 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

25.0 14.6 10.5 8.2 6.7 5.7 4.9 4.4 3.9 3.5 3.2 

: 75.0 29.6 19.4 14.6 11.8 9.9 8.5 7.5 6.7 6.0 5.5 

! 93.3 70.4 32.3 22.6 17.7 14.6 12.5 10.9 9.7 8.7 7.9 

85.4 67.7 34.2 25.0 20.1 16.9 14.6 12.9 11.6 10.5 

6 3f.' 37V!' 57~ 
7 ~~l{ C,7V~ <?/~ 

: 95.6 80.6 65.8 35.6 26.9 22.0 18.8 16.5 14.6 13.2 
! 

89.5 77.4 64.4 36.6 28.3 23.6 20.4 18.0 16.1 8 "7j- _2_y~/.l( 7_2?~ 
96.8 85.4 75.0 63.4 37.5 29.6 25.0 21.8 19.4 

91.8 82.3 73.1 62.5 38.2 30.6 26.2 23.0 9 <?2-J. <6£14- /tJO~ 
97.4 88.2 79.9 71.7 61.8 38.8 31.5 27.2 

93.3 85.4 78.0 70.4 61.2 39.3 32.3 

u90.1 83.1 76.4 69.4 60.7 39.8 

94.3 87.5 8l.:i 75.0 68.5 60.2 
98.2 91.5 85.4 79.6 73.8 67.7 

95.1 89.1 83.5 78.2 72.8 
98.4 92.5 87.1 82.0 77.0 

10 I¥¥. z. q2~ /0(:,~ 
II 41.~ Cjt'(_ J/7-
12 t?7-7 J 02.-:Yy- //0 "J,J~ 

95.6 90.3 85.4 80.6 
98.6 93.3 88.4 83.9 13 I / 

96.1 91.3 86.8 
98.7 94.0 89.5 14 

96.5 92.1 
98.9 94.5 15· 

: 96.8 
98.9 16 

;_QCATION OF TRAVERSE POINTS IN RECTANGULAR STACKS 
1--1_7-+---+---+----1 

18 I I 
2 3 4 5 6 7 

. 25.0 16.7 12.5 10.0 8.3 7.1 
75.0 50.0 37.5 30.0 25.0 21.4 

83.3 62.5 50.0 41.7 35.7 
87.5 70.0 58.3 50.0 

90.0 75.0 64.3 
91.7 78.6 

92.9 

8· 9 10 11 12 
6.3 5.6 5.0 4.5 4.2 19 

18.8 16.7 15.0 13.6 12.5 
31.3 27.8 25.0 22.7 20.8 20 
4 3. 8 38.9 35.0 31.8 29.2 
56.3 50.0 45.0 40.9 37.5 21 
68.8 61.1 55.0 50.0 45.8 
81.3 72.2 65.0 59.1 54.2 22 
93.8 83.3 75.0 68.2 62.5 

94.4 85.0 77.3 70.8 
95.0 86.4 79.2 

23 
95.5 87.5 

95.8 
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MODIFIED METHOD 5 FIELD DATA 

COMPANY NAMC W ~ .t~~~ ~ riUN NUMOEJ€: f)!. M $--I JtJ -/ 
ADDRESS /"J-U ~. p¥1 tiT~ 5 TIME STAHT oes-&--
SAMPL I NG LOCATION (I %1: .,;:L _Sb/1 :r If..) I"'+- TIM£ FINISH J$ ~ ¥ 
DATE .;;_ -if" - .Y-&- TEAM LEADER (jf[/tc!..) TECHNICIANS -
BAROMSTRIC PRESSURE, ~s- ~ STATIC PRESSURC, IN. HzO -..:J_·..)..s- LK. ':s IN. HG 

IN. HG /<) It: I..S_.. 3 (p s- READ ,>IG: SA.'Io\PL I NG TRAIN LEAK TEST VACUUM. 
-:-SAMPLING TRAIN LEAK RATE , cu • FT • I MIN. O· 0106:, O·OI::J... O·DlQ O-e>oo 6. c.>cm C2.. 00, 6":f}·s-l 

EQI.J I PMENT CHECKS IDENTIFICATION NUMBERS 6 t-.J i ~J 
v;;TOTS, PRE-TEST REAGENT BOX NOZZLE ror DIAMETER .I~_/ 6 f/ c ,'l..l 

~~!TOTS, POST-TEST ;:tt T/C READOUT F ~ 6 'jO.J.o METER BOX 

~'1.' ~:) UMBILICAL T/C PROBE 1!- I _ ORSA T SAMPLING SYSTEM 

tO~· 
.,._--

SAMPt.E BOX ..Q... ::::l..... ORSA T PUMP I I CL ~DLAR BAG 

@~OF PROBE J/- TEDLAR BAG f:-:J· TiiERMOCOUPLE 

FIL TE:R # TARE NOMOGRAPH SET- UP NOMOGRAPH f..JLflt<_) ·---
6H@ J. -rs-- C FACTOR D·~ 
METER TEMP 9o STACK TEMP 

.;)..if() 

Q?.. ~') -:. MOISTURE I;}-... REF. 6P -

--
DRY GAS PI TOT ORIFICE GAS pUMP GAS TEMP. °F 

STACY'* 
CLOCK METER READING SETTING ( L\H). METER VACUUM FILTER CONDEN IMPIN. 

SAMPLE TIME, READING, ( 6P), IN. HzO TEMP. IN. HG BOX EXIT EXIT TEMP 
POINT MIN. CU. FT. IN. HzO l DEAL ACTUAL OF GAUGE 

tJ· I I e>/o ~f.3tL1 I D-34 0· .l..( o. J.../ I ~<I- I l.;tb_O I ~s- s1 l_lf _Ie_ 1'.._ I s- 165-J.. .t.. ~ IC>-3.2.... I O•U"J 0·.).6 ~-">- I I ~c~ .;2_~ .<.-1 I a ?I -~ I ;o ~?·65' f':>•3t.J. I,..,.:;_/ lo-~t I ;..~ .:L. OJ.~_t I .b is:_.:L 'I "f J ,, 
I /S' 63-~-. f" I o· 3 f I o · .:2._y tr· l... 4. I 7" +- I ~ I as:~- I :;J..~- ._s--j t.J.-:::cl._ 

~ I :J.o 1(....:;-~.s-o lt>-.53 lt:>-31 la·'33 ?r ::L <Xll+ I~ I 4 9 ,,.3_5_-
.:l..oo;- £.S"'$f-·OZ?' ,., · .-r <" ,., . . ~c.t- I tJ- 3 c.t- I ;z. Cf I ::2... ;:;). CL \ .J.-'7 l{-9 434- ,,-4-1 3c:> V.. s-7- '- t./ tJ-.s-; 0• ?:L o·3~ d-o ~ l.x. l/ t. I 3o 4-x- lt~L I ~ "- It,&;./. '-~ C>. 5-~ I 0. 3 I I ~- ::s r ~~ I ~ co<. 4- "':j I .3_D u.'? lu r1- -<i 4n In t; ~ ' {. 3 ICJ·<1 t> • 1 '7-- I o- 3 7- x-1 I + ot49 l1o 49 ltJ-34_ I _l) -"'-I t. "' 4 . .:2_ !\ LC)- :r(; 01'- ~- ~ ..... - &';L. I ID Ol..S_O 3( lu'? lu. ":! (j_ I 

~ I ...,-o GbS- 8' '7- 1,..,.<;...--b o.a.-'~ 0·3<\1 g--t.j j/1 ~~ol.~ 1 I t.f¢- l·u.~" I <- ~· I&& -r . {{&--' ~-(I. :l. oc.lJ D·.LG, [(-~ ~~~ ,Q(/-9 ~0 u.1 a.~ .2. -. !1-lt,o 1 b~~· r L o.~l.J. o-3. O· J 4- I ~" I I :;;._ Ol..S} J I I ""o 4 ~(../__ ,-
6~ i.?o.l.ii_ 1,., . ..s-3 0·3. t _1!)·3'11 fr-"':)_ It~ ol_J~ 3_1 5""C} 4_'?L I' 

-s-- ro 1/~ r:J.· 0 ~ o-r/ l".)• _'? ..l. 0·3.2... i ~+- II~ ~~~/ 31 ,)/ LL~ i-?s--16 7-.1 · -1- f I~· .r3 lt>·.3~ ~·..33_ o-~ I I LJ. .:;__cJ-9 h')_ IS4- Cf-3')... ,,-
fl ~0 0~?·1~/ lo· .J4 lo -33 CJ • 3 ) ll"4 I I IOL.b L~' .:r:J- lu~.t.. L_ I ~~"'- b t-)'.1 '1- lo-S"l... t).,~ 'l. o.]:L IR"<- I ..:l... c:J..u<;... 131 I r.).. ..l~~.-I Ol 10 kB'O· 7 .L !o ·S"b 0·1 ~- 0 • .3 <, -1 £-2:.. .:::t. cS~...<./9 ~ 'l. ""'~ Lt. .3 ~I, I 11 b '8" J..• s i-- D·s-x- I CJ·J~ I o·16 ~~ I -:1_ !-2....._')/ I ~.2 J-"1 lu t-fo_l ,_ II I ;00 ~~~..~-. J 3 I c:>·~i (9· 3o 0· 30 j ~ b I a_ l..z.s-3 i ,] .,;t. S". .... - 1uCJ3 w8.5-G ~ ~~-l,l 

-lo' o· )/ I':J• .3~ {)·.) :l 8-'7- I .,1--. .l.S"' ~a..._ If tto 1 · I~ 110 I 1 .. Y.1· l-<D ()•(jcJ I e•;J..y.. .9· ..1. -:r-1 ~~ .l. .:}.,5-/ I J.~ 1571 {I u.--.1 ,_. I I 1..5- ~f¥''71 0· (J(. t:;·J..rt_ I ~ • ~1 5"~ I.J.... ;;_s-i) I ~ " St./- l.J3l -I ;M lo _, f6 .. :us- d).lJ I t),.;.__(p 61· ..1." 1'_1-_ ~~ ~~-, ~" rs- 4J.r 
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,ov~. 11.!>_. 
1<>, · I Sl 

MODIFIED METHOD 5- FIELD DATA ?~<;"e 2 ?.•..::1 Nt:.:~::e~t11lllyi.v -{ 

CRY" c.:-5 c;;;.s OB.iP. a~ 
PI TOT OR!FIC::O: ·- c.:-5 f"..MP 

Ct...OCK ME:TE:R R=:.ADING s ... , llNG ( rui), METER VACI..IUM ~lt.,....;:R CONDEN IMP IN. STACK * 
SAMPLE: TIME:, R.E:ADING, ( .6.? I . IN. H..,o TEMP. IN. HG sox EXIT EXI"r "'l"""E:M? • 

POINT MIN. C'J. F7. IN. H:zO IDEAL IACTJAL. OF GAUG<;: 

f3 I I _s- I ~9/.tos- I e."<. I & ·.l.+ I 19 · :t +-1 ~ 7- I d.- I .J.S/ I,~.""<, ls..:L I 'l3.s- I 
..1_1 ;0 lfo93·1D I O· o.~'l I o-3 r I o·st I ?+· I.J.. I ..2sz:> 1.~ ~ ls-r 1'-137- I I 

I t-:,- 1094-.&. I I tJ . 41- I O·.J9 I (!) ·.l.-'1 I yf. I J I ..Js-1 I -J £/ 1.;-s I tf <to I 
31 8....0 I & 7(, ·Is it., .... -r.-. I o· J ,-1 &·.3~-1 s-":f- I _"\ l.;l..,J( 1.34 Is~ I '14 :L I 

I .. a::d .;l ~ f.· '7- 2.... I<!). Sb I<!>· J.s- I O·..)_c:;-1 ?~ 3 1~5() 13 ~ I .s L1 lllctl I 
4-1 3o I to'/~. 3 1-: I ~- & 1 I o · .3 'Y I o · 3 y I 'ii t- 3 Is-S"/ I 3Lf I 5-t;, I t.L!i_ c.. I 

I 3.5-1 70/ ·I\ I t!J. 0t) 0·3+ lc·3~ I X".Y 3 1..7'-1 9 ~ q. 1.!)_--1 l4-t.1~ I 
Ji z_)O I '7 0 ::l • K' ( lc,. <);!.. I o. 3 "Lio·.14 I '?X"._ 3·S""I~q l3s I -s-1 I i.f4- :L I 

I uc;-l "7-oa, \J. 'l I 0 ·SS"" D· 3 (.j I 0. 3 Lj I ~ Y' -3 -~ 101.-llct I -r-.- ~~ .;L lt,ttfaL I 
~I So I 1ote. · o1 I €). '}{) I D· 31 L~~·31 I~¥' j.,s- 1""'4 9 Iss- I lD J ll/ii3 I 

I s::s-1 'to7-. s-~ I (') . .s-1 I D· 3 J... I o-.3;L.I 9? J.,r 1...250 13 L/ I s-9 144 . ..3 I 
"+I 0o I f.o1.JCf 5- I tJ · ~-1 11")·3;2.....1a·J-:LI x-v- 3·~- ,..,so 134 I-s-)- il!<J9 I I 

I b..s I 'flo. '1~ I O·a Y' I e·~D I 0·3o I ¥v 4 I ,;;.J-o I~ 4_ 1.-s-;z.. I ~ u y-1_ 
c.--1 ?-0 lii.:L-3] I Fl· s-(j I~- 3Lr I o·3Ht I 5r'v 1./ I ~.s-/ I~ t/ IS~ I "~ 

I ~- I 7-1-3. 9 :J..... I c:> • s-1 I O·~J.. I ~)·.\:.l I ~X' tJ l...ts-.:z l~i.J I _s-~ I Vt.~r I 
51 l)O I ')ZI.)-; .\( I o-0~ I ~·31 I o·39 I~~ 4 l~j-/ I JL/ l.s-? I 'fS.J.. I 

I d':S-1 '7 I '7 · J... ll I EJ,(o c.l I() •Ur) I 6•(/.'r> I 'i" i ~.r I o2 s-..2.. 1.3 t.t I -)-t, I LLrn. I 
tn I '1 v I ¥-1 '1. oo lo. s-~ I O· 1r. I o-3~ I ¥~ ltJ-~ I.;} s-1 l3s- Is-s- I i-.itltl I 

I 9-:;-11~0. ~, I <D.r.. I ln. 3v In-.:!~ I 'ir9 I 4: .,y 1~-r-/ 134 I..,-~ I 4ti~ I 
II I 160 I 'iJ. .:D .. 4- l(_ I r. ..... - q 0· 3 + I 0· ."'. ""1- I ~ ( I~ I.J ._...-.,1 I .-:1.. u I s :2 I lf ft ,, I 

I /0 '5--1 ";7.2q.. IS- I;;. :r? lt::~·3 +- 1£>·3~ I t~ 11 lc::.7S"""o2....1 3 j I~/ I q~s----1 
,~ I ltD I '7ols-. 8-'(.J I ~ -s-.J- I o· J..L lo. 3.4.. I yc I .5- l~s-; I J.'\- I~-/ 1.1 1./ .-r I 

I 11"5- l_f..-1+-. t+ if lo.s-~1 tJ.3s-lo.3.s--l Sf'1 1....- l.,1..s-/ I r 4 I ~-o I ll 'Ill- I 
k:ltd~b ~q < t'J rr:--rl I I I I I I I I I 
I 'P I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I 
I I I 1 I I I I 
I I I I I I I I I I 
I I I I I I I I l I I I 
I I I I I I I I 
I I I I I I I I I 
I I I I I I I I 
I I I I I I I J I I 
I I I I I I I I I I 
I I I I I I L I I 

--=--z 
( (6,p J 
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MODIFIED METHOD 5 FIELD DATA 

r-----------------------------------;·· 
COMPANY NAMC ft.)hpe 14.l?A~ HUN NUMO&·,..~~- ... r-v-~ 
AOORCSS /YJ..( ... t/i:J.~d&. al~, TIME STAHT fftz yO 
SAMPLING LOCAT~~~ ,S])e :ZAJ/€.-1-~ TIME: f'INISJ-f ~~ 1 I 
DATE J...- 8" - ~ V TEAM LEADER~ TECHNICIANS -------- 1---......----. BAROM~TR I C PRESSURE. IN_ HG ..2.9 · 1-- STATIC PRESSURC. IN_ H zO -~ • / 5" LK. TEST 

SA."'PLING TRAIN LEAK TEST VACUUM. IN. HG /6- 7f -"'(o"-- __ ---- READINGS 
0 6 __ , ?'~-.3" 0 SAMPLING TRAIN LEAK RATE. CU. FT./MIN. (Q•CttQ •l?'pt) •u<.t<..J ------ QQ ~------------.-----------------------~ 1bY·J~I IDENTIF'ICATION NUMGERS 

EOUI PMENT CHECKS 

~TOTS. PRE- TEST 

~TOTS. POST· TEST 

~AT SAMPLING SYSTEM 

-T5CLAR BAG 

~RMOCOUPLE @ lfl-{-() Of' 

REAGENT BOX ---::-NOZZLE: '0 s- DIAMETER • I fC I 
METER BOX tl)/b T/C READOUT __.£_,{9=------- 1------1 

FILTER # 

CLOCK 

SAMPLE TIME. 

POINT MIN. 

ILS I lo/o 
I ~ 

1 I tO 

I '"'-
~ I 0.0 
·~ 

.4-. I 3o 
I 3s-
~- ll.{o 

UMBILICAL tJ ~ T/C PROBE -U.:)I,/:::-----------
SAMPLE BOX :J.. '-( ORSA T PUMP ---;:~-9.~------ 1------1 
PROBE j/- TEDLAR BAG {)_ (.) 

TARE NOMOGRAPH SET -UP NOMOGRAPH i ~<L)_ 

c FACTOR _,D""--·.:::..~..;:g-"" ____ _ t.H@ (- f-5: 
METER TEMP ~tj..:::C)::;__ __ STACK TEMP l,f lfc) 1------1 
~ MOISTURE ...:.1-=.2._---- REF. t.P ...;;~=--·f._~~-------

DRY GAS PITOT ORIFICE GAS PUMP GAS TEMP_ 0 r 
METER P...5:AD I NG SETTING ( t..H ) , METER VACUUM F 1 L TER CONDEN IMP IN. 

READING, ( t.P). IN. H70 TEMP. IN. HG BOX EXIT EXIT 
CU. FT- IN. H20 IDEAL ACTUAL 0 r GAUGE 

-130 I <lh I C)·_/10 e;."JS_ oJ5. I+? 0 I .; .)S I 3.J ~~~ I 1:3/,_s-~ I o · 3KI..O· ~<I tJ-.1.-Y. Yl I I ...JS\ 31 4'=!--I t-3.1.-~/ c!> • Lls I ~ ..1.s.- I o- .Lv I ~ ;J,-· ~- ..;J.s-:~ I dl-. iJL'fr 
rJLJ .J~ I D- 4 '-1 I f).~ "l.. 0-~1--1 ~.\ I ~ I ..Jss- I <.a-t J.jj.--
13s-· fCc I o- t~-~lj(). ~' l.o-.2-~ I ~4 .2.. ~'I I .3~ . I J./. 5r--
rJ1·3s (9 ·S"~ 0'33 I o . 3 3. I .t J.f 13 .,£'} ~3 lfy 
'13~- t:t<, 0· 41- 0·:21 19·~<] ~s- 3 IJS-:-~ I J_, ILJ9 I 74o · q. "l- o ·_If -y I o · 3o I o· 3 o ts- < ;l_ 5-3 13 ..l. "'f '1 L.ll· .;!. ~ 0· ~-:L_ ;J...r/ I.._\~ 1-/'1-

STACK * 
TEMP. 

I 43~-
I '-/Jb 

'-13 ~ 
i-/40 
44# 
4 tl ':? 

~1./'f--
lfq(:... 

I J.f'lrl_ 

I 

~-3'l...lo·3~1 X_(c 1_.3 
I 4r It-a_"\. J'D lo .:) ..1... t!J. 3 ;;L.... 0 -.3l..lt'"- • I~ Ot ~ ;;2_ j'j I" Y' 1-/Jf'T L I .r.,-o f.q.~·-0 c./_ I ~-t.J. ~ O·"o <S>· ::!.o I Y~ 13 c:J~3 13~ I ~ x-- I t~ ll.'i--l..s-::\ rqt,. rl I!J. s-}-. 0·.3'- {). 3(e, ¥ '7- I 3 c;)S.J _s~- J.tCj ~-ott/Y ':!.. I~ n -;14~· <.D ~ • Li_&- O·la o·Jr. lx+- I 4 .J. ~-s- ,:., .. r l"i 9 liS/ 
6~ rt./'1.7-t-- I o. u. ¥ lo· 3n •d:,). ~a IS' '::J.- 1'-.J ~S"'L./ ~.l. 1./7 1-JSD ~?-0 I t--s-( · 3 'I t9 . ~-.::L t"J·31f o-~c;' i1'=!-- 1u. l.:tsll J.l_ 48- "1/ A" :>-s- I f.s-:>.. 7 7- o ·G. I O.Jy {)· 1 y i'?- 1'-f .2-o:;·~ I 3 ~ llf1 tj(;r::. 1 I PrO 7-Sli· ~ 'i I t) • /,.h I 0 . 4 I 0· Cll ~1- 1'~- J...r<.- I 3_':l... Jf_(j l.¥1f'7 l~.s- 7S(I). _'-f+- I <D • ...,-<;:, ~· 3.s- ...,.3._., I :?& I L/ :;;_ \-i-1 I 3 ~ I ~'X'" t;t;.1-"/"' 1 flo 1--~~ • .l.O ! r., .'A-5-I ·D. {J 1 r..c./t I ~' ~- ~ .5.ts I . :St+ 49 tfrJ 19-..r- '7-s</. 9~ t0· s-s-1 tJ. ~ l.f I ;. ,~ c.1 ~~ I ..j- ~ . .rl I J 'I ttf I _till r;r II I 'OO "UJ.(..~ I (). s ;)__ i D. 3 ~ <!]· 3 :L i xC-- II./. I .;;zt;.$-" i 3.5'"" IS3 I II 1./ ,, I lor- ~3. J.<O 0. r. I (!). Jcx·- ,.,. ~s.:- s:-C:. lu ..l,j_ ,~C-. S:.s- t.J "1--12 I 1t o I 7~4, 1 f o . ,:;, ·~ II"J. " ~ o· 3't I tiC:, I _j- .JS¥' 13s- 1s--r 4 t/3 I II~- t-~(o -~S I!J• ~C) 0·31- ~~- ....... ~~) I s- lol.s-s- I 3 s- I rt/ ILJt~t fi I lbiolo ~)--·, 1.' 9 l>. ct (.j. 10• :J.":f- 0·.1. ~ ¥G. Ia J-5-0 .~~ I SIP .:f1.(J I 

.f).7tJ~~ A~if, ~s-- =#fo ~z 

VI-I ( ~~P) ill; TM Ts B-6 

ENTROPY 



MODIFIED METHOD 5- FIELD DATA ?"-<;;2 2 ?.'.ln N~7i"::;e~·h/llls--.r...,-..2... 

DRY~ GAS ~P. 0~ PI TOT ORIFICE: ·- ~ ?1-ru? 

<='-OCK M::TER READING S=., I ING ( rui). METER VACt.."-JM ncr"" CCNDENj IMPIN. STACK * 
SAMPLE: Tlht.E. RE:AOING, (~). IN. H.,a TE:'d?. IN. HG BOX EXIT EXIT TEMP. 

~!NT MIN. C"J. F7. lN. HzO l DEAL I AC:O..JAL 
a_ 

GAUGC: r 

I Is- I 7"' 1. x3 I o · Ll ~ o . .2..c...l o, J..b I ~" Is- I c1S?- I 0 fC) ls-Jt. L/~"\ 

.:L IM I '17-t. ';)...4 I e.s-.5- I &·3£1.1 <9·.~4 I x--t:, Is- I .J.S"Y I . '\ ¥- I s-.S il LJ I I 
I r<" 1-'} !l-.. ~t,;. I ~-s-4 I O·.Jq I 0-.3L{ I ~(, Is:_ I.L)?- L.3 ;r Iss II u 1. 

3 I c.Jo I 1- ') u . 4 s;...- I f""'l • r.:L I <!). 3 .:>... I o. J .2..J yc., 1.~· l~s- +- I J "7- I sj- tJito 
I ..Ls- I 77U;. or I,..., . ..;-to I o. 3s-l ~-3~-1 X'G:. Is- l~s-13-l.. ls-3 4 L/ I 

' ' Ll I 3o I 7-77--i- I lo ffl-l!:/ I 0·3+- I <9·3+-1 f~ Is- I.Js-5- 13/ ls-l/ t./ tf .J.. 
I Js- I 1-1--~. lf :L lo,~3 I0·111t>.3.'ll s>G, I _s- I ,;) s~ I 3..2 I s-it 431 

~- I _tfo 17¥1·1"1- lo.~ ~ ln. ~9 I o-37 I '8'(" I j- I c1s-s-l :~ ~ I .:s-.i; t./ L/ .2... 

I ft') 118'J.... c; I 161. ~s-ll2·YI I O·c.ft I~~ It:.. I .:2..4 9 I 3 ::L 15'3 {[C[f 

t.. I so 17-&ct .t,x- lo.(of 1~·3xrle·3xl~-r ~~ I ;;..q y-· I .~.:L lsq 4,o'9' 
I ~('- I '7-~. lf 2 I £1>. st I (!) • J .J- I ,o. s .:L I S-b I s-·.r I _')!f Y I 33 tjt·y l/ l/ I 

'7- I t..o 17-<>.<X- ·n~- I o <tll I tJ-:J."? I o·J. ~-I x--~ I J- 1..!2.4'7- I~ .L I 47- {/.l..fJ.. 

I 65"' I 7-i-'1. (o I lA, 1./(o I&-.:L7 I 0·.1-'11 x-Co lr 1:;.4+- I 1.1.. I qy 1../t.ll 
vi ?-o I 7-'fl. o~ lo.tJ.a lo . .J_";L-1<9·.:1...~1 '8'~ Is- I ·1 l.f "1- I ~ ~ I 4'i. 444 I 

I ?-:<\ I '1- Cj ;)_ • .)- I I o. ;.u, I () . .2. '=1- I o. :J...~ I ~·s- I ' I.J.t~-¥1~., I L/ 1 '19 ~ I 
ql ~01'193-,qq I (9. Lfo I n · .2~r I c9 . .2.." I ls' s- Is- 1.-9.. 4X" 13/n 149 LiJr I 

1 r~-1':1a.5·4'7- ln. t{. s- I 0. :LK-' I D· .J-$· I 'f s- I <.,_- l.;t_4¥"13 '1- 11-i ~ 1443 I 
;o I tfoi?-'Ji-.J'Y I o. q 2 I <9 • ~ I <9 • .:>.~ I vs- I s- l..1.tff I.~.Y I ~ ?.' I tLf '- I 

I 7s- I ')..t:} x- . tJ 'J. I&· 4-:W o ·~I o· .14 I y-~ I s- 1.2.."~· I QO I 11-q I(JJ,':f-.1 
11 I loo I "?-'llJ. <g-'7- I~~- 4o ~. ') .. -I " . 2-s-l ~-s- I j- 1.2. l/1 lqo ls-t I 4.3~- I 

I m..s-1 ~o L. ":L Cf I o. u -~I e· .2. '+- I D· .;J.,_I f.s-- I~ l01~~ I tto ISO I <;.:Jt,. I 
I :J.. I II I'? I YO 2._ . :;» '7- I ~- 3v I (')· 2.q I e>· :z. L( I g--~ Is- . l.2..q X I ~ 9 I so I (J 15--"1 

I t/.'1-- I ~o</-. lb I ttJ. ~ 2' I B • .:l,lt I ().-:l-4- I & ~ lr loll/~ 41 I c.~.:.L 14'3~1 
blttt'lW/I ,.o.s-· ~-4- -::l-1 I I I I I I I I I 
I II I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
! I I I I I I I I I 
I I I l I I I I 
l I () . ('d e-; C: 

~z 

( f6P) 

B-·7 

ENTROPY 



MODIFIED METHOD 5 FIELD DATA 

COMPANY NAMC tJ/z_g;ftJ6At!.irn HUN NUMOEiJtllt' '(-jEi- j 
ADORCSS /?2/ .///:,.... a {7 , t?'f ~ Tl ME STAH'T 0 B' ) Q 
SAMPLING LOCATION#;;_ SJ>f't ;:jll){{:L TIME FINISJ-1 131~ 
DATE ..2. -2- If£ TEAM LEADER~) TECHNICIANS -----:---:--- 1-----. 
BAROMETRIC PRESSURE, IN. HG .29· f STATIC PRESSURE. IN. HzO -.,2.J~ LK. TEST 

SA.".tPLING TRAIN LEAK TEST VACUUM. IN. HG /L tr= ;<: s- READINGS 

,___s_AM_P_L_I N_G_T_RA_I N_L_E_AK_RA_T_E_. "Tc_u_._FT_.f_l\.t_I_N_. _O_·_OO_'f_a_.co_'t_o_. *!f-rl--0-·t?_l>p_-_-_-_--_-_====~ :(4~,,~~ 
IDENTIFICATION NUMBERS 

¥ '?-'i' . '7 7-t.) 
ECUI PMENT CHECKS 

~!TOTS. PRE-TEST 

==z~ITOTS, POST-TEST 

.......-;RSA T SAMPLING SYSTEM 

REAGENT BOX ----:--NOZZLE f0 C DIAMETER •/ 8) fff~ •T 'J..'=-
METER BOX 41/t, T/C READOUT -J.£_0""'------- 1-----1 
UMB I L I CAL U :1.. T /C PROBE _ly.:L.--------
SAMPL E BOX .5J. ,2_ ORSA T PUMP r t-----i -- TEDLAR BAG 

V"" l'HERMOCOUPLE @ Ji..1f..Q_ °F PROBE , 1 - TEDLAR BAG 1 r 
FILTER ~ TARE NOMOGRAPH SET· UP NOMOGRAPH ~ 

t:.H@ Pls.... c FAcToR o·5'1:·- .o~ CJ.j.,._ 
METER TEMP -'f"-'0=----- STACK TEMP /f'f0 1------1 
":. MOISTURE /b REF. liP 2 C! > 3 .{ {) 

DRY GAS PITOT ORIFICE GAS PUMP GAS TEMP. OF 
CLOCK 

SAMPLE TlME, 

POINT MIN. 

METER P.£AD I NG SETTING ( l:.H ) , METER VACI.JUM F 1 L TER CONOEN IMP IN. 
READING, (liP), IN. H?O TEMP. IN. HG BOX EXIT EXIT 

CU. FT. IN. H20 IDEAL ACTUAL °F GAUGE 

I lolo S'- '-/C. ·6/st 0·31 o·t 1 o-t9 I '7., 0 1.2 .ro I .3t 4_8· 
I "' ..... I fl 4 7 .3 ~ I D· :J .. Cf I 19· r"" 0·/7- 'r~ lo .:J..t;9 J/ 4~ 

2. I '() I ¥u.Y.J(o t!). 47-1 o -J...~ I o · 'Ly I f-4 I .2.4fyl31 i Lf_)' I ~ .... ~ fS0·03 I o. I.( 1-- lo . ..Lx- o-~1 75- I 1 I alSO 130 i..J.J-? l_~o ZfS'/. ~I I o.,o I e· 3o I o-.sc") '17- .;;__ 4lf f! I Jo I J..i t 
:L"i- ~s-3.os- 8·4.3 0-....2..~ 16-) . ..J....q l'?r- I ...2.. .:L"''f 3/ Lis-

Cf I 30 'ffs-- 4 . s-~ 0·~4- C)·~ 2... Or32. ':JY .;>._ 1~¥~131 tjs-
a~- I &SG.. . '3 O·s-.L I &.3, «::>·Sf '7--'K-' .J ~l./"1-13o 4~ s-·1 4 LJ ¥-St ·1 3 6 ,:)"y ~-~1.1 CJ.J u. 7-~ I\ cl'I"T 13o Jf(o I uo:;-18_5-'1. ~ "/ I o ·S"~ 0·)3 013.3 I '=1 c; I "\ ~t(} ~7 Ill- b c.:, I -:v 't'(oo. y-1 I n ._<...71 0 30 o·3o 1 r-'7 13 ~ tt7- I .;;t.. '7' I t/7 I )<- [,y~ ::2 . _l{- $("' r-,.rl v /') ·_.J..k- 0 ·.)..'k- '?a· I ~~ 62. 11-x- ;.;;>,.-, .~/ -t-.1 tf:,c) -~..,)~lO If) ·1.{0 O·;l..l.j. o . :2<1 I t-o I~ .:Lt.tX' 30 152 
6~ ~,~-· ~+- I o. 31 O-.l.3 o-:1.-~ I ~I 13 l.CLY. ;1_ 9 ').l.... 

~ -:;o I J{; 0 · 6 2 I!J·((o ().Lq O<:J..v i _<ii 13 I ..ill 7 jO s-r 
;z. s I l"t. t- . f s- &·lJI\ 0 • .2. (( 0·.2-~ 'iJ 13 ..15-~ I 3a 15-r 

STACK * 
TEMP. 

I ~I" 
I 4.:k) 

L/:J...:L 

".:J. -4. 
t.L:i.:'.-

b.!l. ~ 
. 'f.2c;... 

'I ;u1_ 
llf3d 
llf3 2_ 

Ill 3 ~ 
1/J.) 
13.:L 
If 31 
'fJt 
1./JJ '11 8"0 ~Co'L ~ -=t- I o ·•~ L1 I ~.;u, () . ..2..0 111 I ~ ~ss-1 ~ 1 Is~; IR.2r I fs- 't'_'-:1-o. ~-~- I o · lf o ~·~<l o.J. -'i_ I -s t IJ ~s-1._ I 1 1 ls-9 lfJt Jnl 1o 'irt. f v ! o. 3 +- o. :l.:L Oo .:l-.2._ I ~ / =\ ..1 St/1. I -·~n I Sf' 1.1 :::.s· I '1s- yt-).~1 e· 34 I 6 · .J..J I A-· J. ;> ~ I I<. ..:2.53- I ~o ls-'1 I '-1 "'- 7-

'' I 1"0 .13 7'-{. r:L I o· L/O i CJ-:J...<.f o- :l.-4 i ~.J. 14 l..1.r1 i J I I r "7 I 1../:!J I /o) 7"'k,-. ~" 0· 3 ~ O· J..3 0 ·.:L) ~ -:l-- lu :;..S( <I I 'i- ~ '-f., 2-. 
I~ 11o I 9'".1.. 1-. <- ~ 0·3~ _t;> • .l..O 0•.).. 0 I <i- .l... I tf J. S"'L I 30 l.rG '/.Jo I 11.C 9'1't·4+ C? • 3 3 o . ~o I o . .2...0 x1 IH I~ I 1.3 ) Is 1- l/.~ I I I;.!><? t-J ¥ '¥1. -=tt-o I o · .J.. 1-l e-1 G 0·/t'., f:L I;;_ ;;L({"f _'? 2_ ls-Y 9-Zt./ 

B-8 

ENTROPY 

I 



MODIFIED METHOD 5- FIELD DATA ==~s-e 2 ?.'..:;'1 N~«!:e:::: ftll! ":'.J:v -r 
l..) lt.£.e..l ab (if. lAo t:J-7 

DR'( G..;S PI TOT ORIFICE: ·- ~ pUMP GAS ~P.,o~ I 
Cl..OCK ME:TER R:E:ADING SE:TT I NG ( l!.H I . METER VACUUM FIL.T<;R CONDENj IMPIN. S7ACX: * 

SAMPLE: TIME:, ~lNG, ( .<iP l . IN. H.,.o TEJd?. IN. HG BOX EXIT EXIT ~-

"""='!NT MIN. C"J. F'7. IN. HzO I DEAL I AC"'i""..JAL OF" GAUGl:: 

A. I I :)I $fYO' r :l--1--n . 'l y I f) .rf-.1 19 • (t I 8' .3 I~ I ..2So I .3o 1~1 I Lfo23 I 
.2. I 1o I ~.s--1· ~L If') ·4~ I o-.Q.ro lo·clt:.. I 3-.3 I '4 I ,..1-.5"'"0 I .;;_ 9 I~ ..L I t{..2. 7- I I 

I l"i- Sf~~ .~s-1 0.4 3 lo·02b ID--Uo I ~~\ I 4- 14. 4 q I .2 ~ Is-~ l4.;t.<J I 
-' .3 I .:2.0 I 'l?'S'-4 .fa~ I o ·L/ s-1 ~.OJ.+- I e.-;L.-:;.-1 ¥~ ILl l...l Lt¥'" 1.,) 9 Is~ I t~..:z... '7LI 

I 01s-1 l? <;.. ~ ·1"2~--1 10 · r.fu I (!/·.l.& I A-~ 1 ~<' .-~ I .t.l lc? l{ <; 13o 1-J-s- 14~ I 
4- I o:ro I &'"g*-· ,-, I ~ .q' I~ I .:i"T-1 ~ .:L.~ I 5:(-t.J IL/ 1<>2#~- 13c Ls-~ I tf.l ~ I 

I .3.)1 rj 58' 91- I o.t..J <...- o.:J. 1 I (!) .:l i- I ~4 14 lc:J l/ f. l~o I S3- l~t :2. ~ I 
,-I ltO I ~-10. s- ( 16· 4t. I t<) • ..l~7-l o·2-7-lxtt 14 I J..l./9 I ;-o I.S~ lr.p.? I 

I q r I ~q 1 • cr s- I o· 1.1 ?- n .. 1-s---l (!l·..Ls.--1 ~ q:. lu I...L«_f~ I.J....'l I 5"'t. llf3c.) I 
_c.. I "o I 'if 93 · 31 I tJ·tt::J.. I o. ~..s 1 <!' • ..L.s-1 R.~ I q' I.Jq9 1~9 IS1- I 4-3?..1 

I 5--rl &'14 . }S':L. I 0. W:L I D . .2S- I 0 . .)_ ~ X ~ I J..L 1..2.<; 'D l.l q Is "f I 'f-.30 I 
J. I t.a I x fiD · .24 I tJ · l./ I I O· .:2.(( I C)•.:Lu. I ¥~ Ill I.:~..SC> l~t'J ~7- I 4-s i I 

I t.~l ~lf'+· ~'1 I c. LJ. Lf I o . ..lb I ~-..2..'=- I src.. It~ I~Et 1.?0 1.3-ro I J../JL I 
X' I +o I ~7 7 . _o ;;L I C). L/~ (').~1 O·olS.· I g"t, Is- b.,-; IJ I Is-~ I '-IJ_~ I 

I ;;:o.-_s-t '1 oo . s-o I e . (( 8- I <!> • .15.- I O· .2-x I k-C,., I ~- 1.,;~ s-..I-- 1,~/) I..JG. lt.t,.J~ I 
rl fo I ro1. tfc.. I o . ~7-t I 19 • .3 :2.... l.o. :\..l_ I ~ '7- 1-r lc2 S"'.l/ 1..1 .?" Iss- I '-14-i.. J_ 

I ,r.,.-1 'ff)?;.. <.,-( I~. (,0 I tJ·3L !) • :SG. I ¥ 't- 1.~ I..Js-~ lcl Cj' Is . ..;- !..:.;4 -?-I 
.LL)_I '!£J I 9tJ .:s- . .l.O I (!:) • f. t.. I <!' • 39 I -o· 3 9 I ; y- Is-:_ l.-25~ lci..'7 L..J-~ I 44 9 I 

I fs- I tfO{g . q(p I !!) .sL/ I~.J :L. I o·3~ ~'f 1.1 l-1sJJ IJo 1-s-s l4'4-4 I 
II I /OO I '1orr . <:-:..<:.- I e. u (') o ~ :J_ <1- I ~ · 2.. lt I -yCJ I.) l...lri 1·3C> I ~--J- 14-3 +-- I 

I /0) l9e>9. 93 I 0 -S({. I 0· 3 :2 I D· 3-L I 'jr '1 I .s- I.J.S/ 1.~0 Is'- l:ii3G I 
1:2....1 tro I 91 I. 5-J__ I Y). 4''7 I o·.2.-~ I o ·2-~l ~-, I ot..- I -" S"".:LI ~o Is (0 llfJ (c I 

I /JII'r-t ct/~.9~ l~·s-olo·so la·3ol'&'7 I _,_ I.Q_s----~1 ... ~I I .c;-s- I 43G.. I 
1-lrl)kt_. v f!t.f , t.t 1 to I I I I .t I I I I 
I /{ I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I 
I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I 
I I I I I I I I I 
I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I 
I I I I l I I 
l I 

O,Y)1f 
--=--z 
( lt.P I 

B-9 

ENTROPY 



MODIFIED METHOD 5 FIELD DATA 

COMPIV'IY NAMC l42~&&6da!M HUN NUM0Ei2..i?!l'll s-- r:r;. • ~ 
ADDRCSS ftldJJ~ 1 frl~ T I ME ST AIIT J~ 3'0 
SAMPLING LOCATIO~ D..:J. Spft ..L.-v le-t- TIM£ FINISH i 5-q 
DATE J..-1'· /i.X' TEAM LEADER~ TECHNICIANS 
BAROMETRIC PRESSURE. IN. HG 62.5 •J-- STATIC PRESSURE:, IN. HzO -~./0 LK. TEST 
S~~LING TRAIN LEAK TEST VACUUM, IN. HG /$- I~ ''-~ 1£./ l.:f" ..l.. R..fADING.S 
SAMPLING TRAIN LEAK RATE, CU. FT./MIN. {l-Qts- 0· Off:" 0-Q1~ O·O('f- tJ.ooq_ a-~9:2 '1'/f ,-:,-; ?-

ECU I PMENT CHECKS IDENTIFICATION NUMBERS 
~ 

NOZZLE ft/S: .;~I 
!'I.J.·l!:fll _PITOTS, PRE-TEST REAGENT BOX DIAMETER 94 ;L· ~,3 _,vi & f=b -PI TOTS, POST-TEST METER BOX T/C READOUT 9.rl- ;zs~- · ~RSA T SAMPLING SYSTEM UMBILICAL (.)f)_ T/C PROBE ll-

~TEDLAR BAG SAMPLE BOX .J. 'L.. ORSAT PUMP r 9s J.~JD 
THERMOCOUPLE @ !:/.J.Ul_ 0 F PROBE II- TEDLAR BAG f ~ 9"". "3'1-1 
FILTC:R # TARE NOMOGRAPH SET· UP NOMOGRAPH f.J7t _")) 9bA.U>t---

llH@ J. 1-S: C FACTOR e>. ~r- o-o..s-- o -'i' :t 
METER TEMP [{_0 STACK TEMP a Y. Cl -
":.. MOISTURE l~- REF. !J.p ,3 •I 0 

DRY GAS PI TOT ORIFICE GAS pUMP GAS TEMP. °F 
CLOCK METER P.£ADING SErriNG (lu-i). METER VACl.IUM FILTER CONOEN IMPIN. STACK * SAMPLE TIME, RE.A.OING., (liP) • IN. H:zO TEMP. IN. HG BOX EXIT EXIT TEMP. 

POINT MIN. CU. FT. IN. HzO I DEAL ACTUAL OF GAUGE 

I I olo 91~ ·llll I o . :) ~.f t!J·.J.3 tJ • .l.3 I t: _,- n 1..2..7_1 I -~ I .5/ I 'f :L r· I r--1 91 "1-. s-/ 1 le-37- 1~-.l:t. t9-~~ t-s- I 0 ~'1~~ .;;.~ so I if -<..J I 2....1 10 I ~15,-. ~ I ~·St"J I&· 3D I e-3o 1'7-" L .:2 tdt I ..2-. 7 is-o '-/13,)-I . .,- f r:2 (!) • .2..'Y-' I o .JJ ""1-- I e . o2..s~ e· ~.Y I 1-t.. I I I.J.S~ 1-<- 2 s-o * --3 lf ~ I .:l-0 q-21· f-y lo. ctV IJ>-02~ I o·~ _r~- 1 ..;:2.£~:S I .J.. '7 IS/ q.J<., 
~ ~.2..3 .}_(., {) .q.x-- ~~-..:28- I 0 . .J.$.-- -+--1 I ., ~j-.;~_ cl.d'" ~-a 4 3 :2.__ 

v. I 3o 9c2£.{, +~ 6). <r"O '~ •• ")c:J £}' ~{"") w 1 I - I.J-1 .:IS .2. :i'7J 4 :JJ_ J 3, I r(J_~. ~ ~- <)( I~· ·rn J «'· 3--. K'l IJ... _-..l .<---1 t I .J. 9 JD l.i~:l -rl 4CJ . '1r:L"l, ~~ Jf"l·tl." -~ .;;_r- ("). ;L 1-· f-2.. I .2.. :1 ">I' IJ..j Jfy I li:.U I !lS- I 9J.'1. .:J...U I "'. "t, o-.:Lr o · J. -:; I ~ .J __ I J .J. 5 I 3o I /f 5- 4.~3 t. I ~rJ '130 .(g 9 I &·4 5 o-:J.-,_ t9. J....+-1 <;I 1:1.. ol.SV l-30 14-9 I q,J:s-I .s-c .!/_3j ./5,- ,.L/ ~ I). :JC, !).Jk. gj I .J._. ,;;.s-.J .l C"-f _L/ fj L;.J4 ~I Coo r 3_ "? . (;,I') O•U q (9 . .2_9 o · J-1 I f..2... IJ.. c::l0o'l- ~c 149 '13 r--· b5} 9,3,.5-. ¢:; I O·l£ ') (g • <l. }- 0 . .l. ~ l ?\' .;}. 13 .2-..:S-s-- Ill 1'1 /.f-.3 (o 
5r 9-o I 7~·:31 D. d.'-:7- .9 · .2.-Y' D • "2,f- j y .2... 1-:r- I .J..SLI 3 g 1-fY" t.l .'l ct ~-I f J 7- (&, ::;_ 6). L{ :L 19. :2.5- O· ;;~...s- t"..J Ito 01-~-·Lf IJ6 ILJ9 (/. ~' 11 f/0 fJ<? (f)_fr lo·4<£ I c9o .2 6, D·.J" ;\"': l;o I cJ .. s:r 13~ 48'" I t1.3C/. I ~.s- 9£/o. 4 '=!- I o. 11- :.l. 0· .:2::-.- O·:J...$-18.~ I 11 .2..sr 1 , ") I t.t '1 u~3 tn I 1o r '~ :1. t<~s--· !o.qs-- s·.,l....Y' O·.;!...Y' I f::L I .:LS"..j .3~ 'f~ 4Cf0 I '}c,- l(/3. 94 :, -rt lo ·3o I e -3a ~I{ l.;t.. .l-5-3 LJ .:t. /..{y.- I t~V:t h I too fq~-- i.j_r'" I ..., . q _<Y- i ~ . :2.Y. "' • .l- y i ff" '-1 1.)... I .:2 .s-.J.. i 3 I I u Cf_ l_tt 3 ,_ 

/0,') 'fljfD, ~9 t9 ' <""0 £) • 3 u 9 ·,36 ~ .s- IJ.. ..:J. s-...2. 3} 1./Y- 4.38'" h 110 I f(f.~'Y· s~4 tJ· ~-l lo-J1 o·.n I~$" I .l.. 1.1..<"'"11 I 3_ ~ 11./'ii". J/.19 I !15- JSO•!O ~. 'S-:S- 6'·33 lo. -~3 HS' I col I ..ls'"o I 3.5- J./9 J.l. (/_0 I I !.w/lJ '1-:J /. 7-s-S"" c!> ·4 I o--Lv ~. 2."' g--q. l.:l. 25-t., .3~ ~() lt.j~ 
I 

B-Io 

ENTROPY 



MODIFIED METHOD 5- FIELD DATA ::.=.c;e 2 

CRY c:.;.s GAS ~P. a.,. 
PI TOT ORIFIC:::: ·- c:.;.s PIJMF' 

C'-OCK ~ REACING SE:TT I NG ( t.H I . """""" VACUUM FILn:R COM,.:Nj IMPIN. STACK * 
SAMPLE: TIME, RE:A.CING, ( .:l.? I , IN. H.,o TEMP. IN. HG BOX EXIT EXIT TEMP. 

~TNT MIN. CJ. FT. IN. HzO ll.JEAL I ACIJAL °F GAUGC: 

( I s-1 Cf.j-J . f-:J I tJ .q ~ I o. 2...0 I o. )_c, I ~q I:L I ..2 ~ ~I c:::L-~ I 4 <i I lt-')..{;.y 

~-I 10 I '1.:54-~ I I d1. _n--~ I b. 1 1.1- I <9. J..u I <;.- 4 I .2- I ~-t ~-t .1 "i 14 y 11.{3i I I 
I ~~I '!s-~. ~I_~ .tau I e ·.JS- I o·3Ms:?4' 1.:2.. ~~~~ 3~ l.tt-q I 4-'fl I 

? I ;;..o I fn. c;ro I <"')-t,C,Ie-'3' I s-3~ I R3 I .l.- I~D 131 I tJ.. 9 I 4q'{ I 
I .:l-:~ I q s-l. '"+- 1 I t? . u., i1 I~ . 3 v I ;<:) • 3 s..---1 -x-3. 13 IJ.-4>0 I 3 0 I t.t- 'I I t.ntL I 

y-1 ~n I qt, f. -~ L. I tfl-~~II"J·3'3 I D·3) I ~~ I ~ l.:l.S~I3o ls-j_ 143s-- I 
\ I ,?,crl q(i,:l ,fl"f I n. 4 "::? I o .:~_~ I 6 · .J-y I Y! I~ 1.,) s-~ I 3 .:L ISj I 43'2... I I 

_r-1 <.fn19G.q.31-f I 0. q , I CD. 'U. I ~.X I <;--0 I 1 le:11{s-l 3-l... Itt., lqW..._1 I 
I 11-od ~~ s--Y lo·/.fft? t9·.2":f-l t>·.:t:z.l fO l..l.. lcl.I/Cf 1.3-< 11./v I1.1::L? I 

t., I _5:-ul 76 7L .sq. I tt). "'1-1 0 . .l8· I O· .t.&--1 g() 1-L I olSd-- I <. S I '+'t I 'iJ.·-=? I 
I __s-:0 90'K· S·(:, I 19· t.J rY I (O • .l-8' I & • .2..~ I lit I.:L I a-s! 13.l.... 14~ I 43ul 

:j__l t.a I q '4.r., ~ '=I- I o . 3 s.-1 FJ • :2._3 I ~ · ..l. J I ~ 1 I~ l...lS'{ Uo I .s .l 143' I 
I h) I 9 7-I · 7-Q I 6·'-11 I 19•:2/j. IO·lli I ~ ( IL I..1SV l3t I _s-o I 43~1 

s:--1 '7o I Cf<:f~. o C. It;. L{J I e·~<t I e·l-4 I 8'( 1.2- 1..2.s-o LJo I so I Ll.Ja- I 
I 7<i '/":f-(L. (.( (,.. I&·~+- I ,c,., .:> I .., . .22-l ~o I ..L l.:l.SQLI..lo I s-1 I LJ ;:s~l 

r 1 ~I) I 9'-:i-s-. ~y I {5) ·1 X I t<J•..)..:5 I O·.l..._~ I y() I..L I.Jst 1.3 !L. I s-1 I 'I .J.l I 
I y-(--j q:,7•/() I 6 ·it 4 I D. J 4? I o . .1.c., I x-o I..J... l_.;z..~ 1 I :1 i I -r-3 lq.3u. I 

lo I f tJ I 'f 1-~ · s ~ I , ·4~-1 t;·.;r I o-.;L_r I ~o I.:L 1.,.:)~41~<7 Is+ I cLJ>3 I 
I 9<1 ?1-·t{ .a ?- I <!'. tt-a I ""· ~ cJ I o . .:u-1 I i'O l.:t. I Ole,.$· I 3o Is 4' llf.J..J I 

I ( I /n,ol 9J'J. ~ ~ I ~.J-et lL o . .2. t, I (") . .;t.£;. I f?l 13 lclt I I :L9 Is~ I tt~:J I 
I ,_,rJ 'i¥-2. 7--? I o . ll...l. I 19 • ,_ s- I e- :Lsi 1? I 1-,., 1.2-g-' I :.2. I Is-~ I C/3C, I 

I')__ I //) I 1! 4- I I +- I o · ~ i' I o · .2..3 I o·TI I Y I I_, I .J rr- l-<.2 s- l.s Yo lttJ4- I 
I t;s-1 9 8s-·.s :> I o· 4/ I o- :..q I CJ·.J..4 I <61 I ,'l l.;1s-J I «c,· I '".;2. 143_S_ I 
btfr-v{,/. 9;r~.-;t~ol I ,_. , I I I I I I I I 
I II I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

I I 

(),m 
--=--z 
( f tlP j 

~ f.~ Jery 
J B-ll 
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MODIFIED METHOD 5 FIELD DATA 

COMPANY NAME f..Jh«<Ub(lr'ip~ .:;- -
HUN NUMOER {!tl'!f"Z'• -;-

ADDRESS /Y1/1Lkr.t.t!.~l l"'l''a:,:s:S• TIME START O~·if..s 
SAMPLING LOCATION i::J:"~ .sJ) (t I AJ I~ f- TIME: FINISH /3l{3 
DATE d- -tO.-(? f- . TEAM LEADER @ TECHNICIANS -
BAROM~TRIC PRESSURE, IN. HG .J1. 'j STATIC PRESSURE, 1 N . H 2o - :l · I 0 LK. TEST 

Is- - l READINGS SA.."-tPLING TRAIN LEAK TEST VACUUM, IN. HG 1s= 3 l ":> 
SAMPLING TRAIN LEAK RATE, CU. FT. /MIN. 0-CIO! ~-Qtn) Q:DO!f 0·0'00 o. C71>-{) It> 3o. 9 "f'J 

ECU I PMENT CHECKS IDENTIFICATION NUMBERS 10 '3o-9J.~ 

~I TOTS, NOZZLE 9os- -r'i' 1 los-a.~ PRE-TEST REAGENT BOX DIAMETER I CS' e? • 'f f.Jf METER BOX N I fa TIc READOUT -f'" <:0 I TOTS, POST-TEST 

......--;RSA T SAMPLING SYSTEM UMBILICAL u::l- T /C PROBE 11_-
~EDLAR BAG SAMPLE BOX ..2'4.. ORSAT PUMP q 
c..,.....---THERMOCOUPLE @~OF PROBE II - TEDLAR BAG I f. 

FILTER # TARE NOMOGRAPH SET·UP NOMOGRAPH :; Ol't'i) --
6H@ ), '15 C FACTOR 8.f(l -O·CK..: o-fc.J.... 
METER TEMP ~D STACK TEMP Jf(fQ 

REF. 6P 3 .. •/{) ":. MOISTURE I 2...... 

DRY GAS PI TOT ORIFICE GAS f'UMP GAS TEMP. OF 

CLOCK METER P...EADING SETTING ( llH), METER VACUUM CONDEN IMPIN. STACK * FILTER 
SAMPLE TIME, READING, (6P). IN .. H70 TEMP .. IN .. HG BOX EXIT EXIT TEMP. 
POINT MIN. CU. FT. IN. H20 IDEAL ACTUAL OF GAUGE 

It I I olo ?9 "1· t. Jlt. I D· 3'f t) ·:J.O e.~ I + ( 0 I .:2..rt I so_ ¥.~ 14 .u I :s~ I q 'ff·o' I o·3<0 I "-' . .:t..J ~-J.. ( '=/.( I 0 .:J.s-~ .J..C7' u'il '11'1 I 
.:z.. I 10 ,,...,0().?~ O· q )._... o ... :Ly-1 e-.Ls- I "f~ I ..2s-~ l..t9 i 1{2_ ~~~ I 1.,- /. '1s- I~.~ :l. I o-~ D·2.-..)j r l I I I c.J 5"1 1~9 lf~ '4.2.-f 
3 I ~ 3. 1 c. lt>.q_q lo .. :u .. lo-.:2.~ '1-y- I .:;sv I -2. '1_ 14'9 "+ .2... ( 

~s-- 4-C:.f tfJ ·.s-"i- tJ. 31 I a_._3 ) I '1-~ II .J.,s-o .30 U-9 ~.:t 1-
<~I 3o 

'· 15;--
t) .l.f (p o·<-r- €1· :t 'T- T-'1 _L I ~s-:;_ I <>l.. Y ~.~~ lf:LJ 

3_)1 7-.fav ,., . u. <",.......- I o- 2..y- 0 ·2...s;.--- "?-~ I .J. s-.J.. I ..z. 5' +¥ '-1 .LCi rl _t.w::, q.Jy 0· 41 <9·.2..'7 t'9· .Let' if() I .2.- :!S/ I..Z-7 ~r _i._-l-.!1_ 
ct." I /tJ. {;;!:;- IIJ· ~~~ t!' ·.l-_K' .!) -~~- :?'0 I ;;._ ;:..S-3 3o 141 l/.1.2. t,l .Yo /,;},. 0 'f I o. {{ s ($)· ::Jt... fl . ..2.c, I rrc> I .:L ..:Jc~ I ~o I -·If 8- 14.2.~ I s-."' 1.3 . _li , 6 ·4~ 6'·2-S: O•L_x-l ¥'0 I ..2..._ .,.,_~-y ~L l/-' C/:L{ 

'::! I {£) /4. q 5- ,..,.ZfO t'J'LIJ o·;.. V- I yD 1-L ..lS:L 3 ( l{'j it-Jo 
6s- f{., . 1.J I o · 4 :l b . .l...S"' 0· L..s-f ~-, I .l... ..25.-3 .:JCf .J.L lJ 31 

~ :?a I I f-. 1-fo 0· _jJ l O·~G..,. n • .l.{. i 5?' ::L I L ..:l..::;-~ .l.'i S'? ~&31_ 
~J I I t.}.f-A; o.sy 0 ·.l.3 0·~3 y.:) l::l-- I.:J..5 4 I .:t. f:' l.r.~ 4 ..l.,. 

'f I s·a .l-6 -~L( I 0. 3 7- I D • ~::2..- ~ •.L. 'L g {j_ I.:L ~53. l.:l. '2:s <::L. 14-..l.-'1 . I t's clt. ~.J- I D· ~.s- O·.:l-) b· ~J I t·Lt I .L ~..57 I c2. s-- 10-..;;.l,_ q~'( 
ro I ?c) .q,. l' ! 0· L4( !)· .21.{ e-:ui I ~..s- ~ c2Sc:J.. ~~ 6~3 lf ~-:~ .. 

1 rs-- a,q. s,-'1 1J • 3 '-ll /:')· J6 I o · :J.O qs I -L -JS3 lcit'7 .s--2.. I 4 .1.i 
II I 10() .J..s-• .¥0 I .o. ~" i o . .l./ tJ•:L/ i yG, I .2_ I.:J.s-5 j-17 1s-3 I tf O!.,S-

//JJ ~1-,;5- ~.6b C). :L( lY·;J...( Y'U I .2. ..t..~-..l... oL£:- r~ ~f..2J 
/~ IIO I '.l.f•.•CO 0 •':)) e·.l..O tO·.J..o I K I ..:2. ...2.-.s- .:~_ I -l. P ls--.s- 'f~] 

I 115 .2-<}. )to ,..~ . J :::L d·tf I ~·rCJ t:L 13 .J.S'~ I et<J .rs- J-{..2..1 AI II.Jo/.u I 0 so · 7' r..'l..l O· ~ "l....... c0. · ( ':i ~-rq ?'.J... \ JQ-4-, .J..Cj ."'>S' '1~1... 
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1 
I, 

. J 

1 

1 

C!..OCK 

SAMPLE TIME:, 

POINT MIN. 

I ~I 
.z.. lu I 

I~ 

3 ;;..o I 
t?-s- I 

'+ 3o I 
3s- I 

s- HJI 
4-<>1 

t s-o I 
~I 

':1 "o I 
I 6s-l 

x--1 1'-0 I 
I kl 

<tl 0'6 I 
I ~s-1 

In I )o I 
I ?rl 

II I 100 I 
I lo·cl 

J"'J I /IIJ I 
I 1/'S-1 

lo?~/,;_.~1 
I I/) 
I 
I I 
I I 
I I 
I I 
I I 
I 
I 

I 
I 

I 
I 

I 

I 

MODIFIED METHOD 5_FIELD DATA ?age 2 ?.'..!n Nt.:...7..!::e~,?-m!!zfZ·±-s-

DRY~ PI TOT ORIFIC~ ·- ~ F'UMP GAS ~P. a,. 

~ R.E:ADING SETTING ( 6.1-1), METER VAC:.Jt.JM !FILTER CONDEN IMP IN .. STACK * 
READING, ( llP). IN .. H.,o TEJ,{P. lN .. HG BOX EXIT EXIT 7EMP. 

C'..J. FT. lN. HzO 1 cEAL.I AC7UAL OF GAUGC: 

..3:-L-o'i I e>-1'-- I a-r9 I e.tf1 I ¥'d-. I~ I .J.-:s-L1 I .l. 1 I u 3 lf..:Ll 
13·l..~ '""'·IT./ I n .. ~<+ I e . 'l.-4 I r ::L... 13 I.:; s~ I ..1~ I i.t 1 lu-'Ll I I 
3ll -.rr-1 ().q 1 I e. :J4 IIJ. :u, I~ l-- I 4 I o'l ~3 l.l-~ I J.f Lf I it .2o3 I 
.l~·ql./ I O·ti<.- I ~-.J.)- I 0·:2.+- I 8'~ IJI. l.2.rs· 1..2.9 l.t~ ~ lql.C. I 
J'f...;r~ I t!).(J.., I tJ • .1...::;- I o · 'l-rl ~ <. -~0 I .l Sit I ~c; I L/._'7-: I '-P-1- I 
,~ 8 .tow I 0-t.J.D I e-JtJ. lt"J.:t.u I S?'-1 7-- I a c:;-:~- I .~(") I -'I y- 11-fJ..y I 
l(..o • o l{l tP • 1.1 1 1, . .2.."' ID-.l..tt I x3 q I.Js-S"I~o 11-/f" It~ .2 r I 
Ul•iLII ~-~9I,CJrJ) I o -~3 I 8 ~ 10 l..1s-.~ I .:; 9 j.j-; I 4 3 :2..-l 
42. C.91 o · '1-o o · .2...4 I o . 'J...l./ I rr 4 11 1-2 .5-:r I ..2. 'f IS'.J. 14J:) I 
4ll·nol ~-J.J:LI o-:~.~lc.?·l-.r-1 ¥~- II I :2.~1 I :27- I .s-o Itt J>u I 
4~--~')-r o -3'1 I tJ. ::t.~ I~· .23 jgf- JL I .1.. ' o I c:l ,s-- lSi lt.t.il I 
"'-~.LIt>--~~ lo-J...L I n-:L<...I ~X" I~ I ~~n I ..2 s;..- I ,., .... / llL'\4 I 
l.Jt-.~~t(') ·J./1 le."-4 I e·.1..tJ.I s:-~ /:L I.;~. t. ~ l..l.-1 I s-D I J.J (.~ q I 
49·1~--1 {)-l.JI '.1)·.l4 I t".).;l..Lj I <(•<; j.J.. I~ ss- I :2 .<: I ;e;z.. I ~dt I 

1 ~.s-o .ffi31 D ·l.l 9 I o · .l '1 I o . .:t7 I ~ 0 lol~ I I ..:L 1' IJ.J'I I 4 ~t. I 
j-~ • t ~ I o . L/ +.I o · .2.. ~ I D· ~~I ~ ~ 1 I .J... j- '1 I .:L '7' 14K- I 43:YI 
.s:J-1-::l.l o. 4.? I~ -i7' ~. :L1 I ¥ ~ I 1.:2...~~ l~o I If~ lt.J.,r?YI 
. ,,.'-:1 j 41 (!? ·..s-:-~ t0 ,,, , I ~. 3.4 I rt1- J lc.-1-s-o I ...so I 49 I uu .1. I 
~ -~~ Q • S'y I tJ•c".?<J I l)•.JLJ I ~~ 1 lolSo 1..11 IS/ 1'-lq.~ I 
s--8'' s:2. t!) • ) .) .. o ·.JI I O·JJ l9x- I l..i.a y I <"" 1-..J-/ l"'t/.:2 I 
'o .or I ~-("'' I o ~ 1 ~.::u:. I ~ s--· I l.;l-t.(P I .JC ~~-o I '/'Is- I 
(_.f, t'fl (). S'l- I l!].j~ I ~-J:L I ~~· J I :J..s-t I .J.-9 149 Ljt{Lf_l 

t. 3 .3C, I~ . a q I ~ · .:ii:f I o· 2.--~ I ) £~ I lc~so 3c 1'-!r I Cfq I I 
to6t..J ·n~l I I I I I i I 

I I I I I 
I I I I I I I I I I 
I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I I 
I I I I I I 
I I I I I I I I 
I I I I I I 
I I I I I I I 
I I I I I I 

I I I I 
I I I I I I 

I I I I 
I I 

I I 
I I 

I I 
I I I 

I I 
0. tfr)r-) I rv " z 

t.H TM 
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F-1009 
8/86 

ORSAT FIELD DATA 

Plant Name 1A.I~t..A61ZA-C~ At'-r..&u.&c( ~~~. 
Sampling Location UtJ t't" 1=F 2.- S"'Db. .:Z:::,.JL.c:!:l Fuel Type f?~l-I.H€ 

Run :.nd/or Samnle No. 2-mt?I'S'~·I Leak Test? / Date Dt·<l~·U· 0Derator8Vf< - ' 

Time of Time COz oz co %02 %CO %N2 
Sample of Read1ng Read1ng Reading 

Collection Analysis A B c B-A C-B 1 00-C 

()~58 /(,;. z.s- 9.3 /~.<;.. - JD.3 -
'10 /Co3) 't-1 J ~ .:t I D.3 

J~Je J" ..;~ q .<{ /'1 :r t.o.) 

Cj.r./ }D·3> - 8<J-3 
Avg. Avg. 

Run and/or Sample No.2·mm~-~~Leak Test? / Date tJ Z.ai·l.& Opera tor -h\V'£4.... 

Time of Time COz oz co 0/0 %CO %N2 {0 2 
Sample of Read1ng Read1ng Reading 

Collection Analysis A B c B-A C-B 1 00-C .. 

t~-~0 "-IZ..s- q .1... J". ~ - )iJ.r --

·-(o l/3~ q .1..- I q,g )£).~ 

21ll 2~~) q. Z- )9.9 )-0·1-

"\. z... JD.1'""" - ~.I 
Avg. Avg. 

Run and/ or Sample No z.·~AS'."J:.""')Leak Test? . Date 6"4\{)(\.&8 Opera tor 6"DIL 

Time of Time COz oz co %02 %CO %N2 
Sample of Read1ng Read1ng Reading 

Collection Analysis A B c B-A C-B 1 00-C 

083.0 133C q.'1 I q . ~ - 1-D.o -
-1o 13</o q.~ J a,.~ J.o.~ 

I? I;;- jJs--0 9.'\ )i.'\ [o.o 

9-~ J-D . ..O - ~D.\ 
Avg. Avg. 

:8-14 ~ CIALISTSIN 

E NTROPY 
URCE 

NVIRDNMENTALISTS,INC. . . AMPLING 



', 

. ' 

F-1009 
8/86 

ORSAT FIELD DATA 

Plant. Name . W\\-E~!..-D>(l~N~'l. J/l tkd?.uel 1--:IJ.Jc.... 
Sampl1ng Loca t 1on U.u ,-r ~ z -4l)A ~L....!.> Fue 1 Type K'eru'"c 

Run <nd/or Samnle No.-z•'f)IM'io"""-L·-4- Leak Test? v - v._ ~ 

Time of Time COz oz co %02 %CO %N2 
Sample of Read1ng Read1ng Reading 

Collection Analysis A B c B-A C-B 1 00-C 

/if~ c. ~t> /-6 q ·~ !<1.~ - I-D.) -
~.c. z-ot) ~-t j~. ~ j().'l., 

19 "$' 4 'lb1.~ ~.'} j ~. 8 ,.£::::.. 2.-

'1-1 /0. 2..- --- -8-c -I 
Avg. Avg. 

Run and/ or Sample No .z.~ms:.z:-s-teak Test? t../ Date Dz.y:).u Operator ___ _ 

Time of Time COz oz co 0/0 %CO %N2 /0 2 
Sample of Read1ng Read1ng Reading 

Collection Analysis A B c B-A C-B 1 00-C ... 

Avg. Avg. 

Run and/or Sample No. Leak Test? Date Operator 

Time of Time COz oz co %02 %CO %N2 
Sample of Read1ng Read1ng Reading 

Collection Analysis A B c B-A C-8 1 00-C 

Avg. Avg. 

B-15 ~CIALISTB IN 

E NTROPY 
URCE 

NVIRDNMENTALIBTB, INC. . . AMPLING 



F-1009 
8/86 

ORSAT FIELD DATA 

Plant Name (t) ~a..b..t~ 
1 
f1_: ... LU~ 

Sampling Location:rl,:L SbA- =t..vl'=-"t- Fuel Type 3~.t'*J€ 

Run ~nd/or Samole No.~--~~~~.r-:r;.s Leak Test? ~ Datea\.- 1o-8f"n7)erato-r~ . y . ~ 

Time of Time COz oz co %02 %CO %N2 I 
Sample of Read1ng Read1ng Reading 

Collection Analysis A B c B-A C-B 1 00-C 

[)~4-s-' /4o0 9·_3_ I '1·3 - jO-D l 

} I ~·J 11· 3 -- /{),o I 
1343 /'t35 1·3 t'f ·3 ---- I t),.O J 

I 

Avg. 1 . ) Avg. 
/J .. a <6'J7 

Run and/or Sample No. --- Leak Test? Date Operator ------ ------ ----

Time of Time COz oz co 0/0 %CO %N2 
J 

Sample of Read1ng Read1ng Reading 
/0 2 

Collection Analysis A B c 8-A C-8 lQ~ 

I 

I 

Avg. Avg. I 

Run and/or Sample No. Leak Test? Date Operator 

Time of Time COz oz co %02 %CO %N2 
Sample of Read1ng Read1ng Reading I 

Collection Analysis A 8 c 8-A C-8 100-C 

I 

I 
Avg. Avg. 

B-16 \;CIALISTS IN 

E NTROPY 
URCE 

NVIRDNMENTALISTS,INC. . . AMPLING 



PROCESS SAMPLE CHAIN OF CUSTODY 

PLM'T NANE 

PLANT LOCATION 

DESCRIBE PROCESS 

DESCRIBE SAMPLE 

DESCRIBE S~~PLING PROCEDURES (i.e. Grab or Intergrated sample; single or 

composite, etc.) Orte..- Sc..o-op v-=>~s ~e...-\..._ c ... n .. .,r1 /S l'k4~ . 

::lb~Co"rl'l bntd .~~e_ /Nc....S f!gnec-{ c;.c,..e/ Cj~~J. ~ ~ 
U.h~ p.Q.u_c...e...c:f 1 N ~ 0 o-..:r.5 - 4--t B 

SAMPLING LOG 

SAMPLE ID DATE TIME TAKEN BY SAMPLING LOCATION 

.-
~ B/86 -+'Ill u..121 8! ee 1 9 'J(J-
~·~a-M 1-a.... /bo5 I "D~B l~{+rs~ 
?/8!~-lkJU...I2(8/8B I 71/10"- ln6rB ~~~~~ ~ -"?.-..+\-CXK-1-b. i&o5 
p;a1eo-VltlLL 1 o/'8;ee 1 17gu- lu~B ~~~~ /tJtf -~/It~-~~ v3o 

z/8/88-YIH~Z/9/68 ~~~u-- luGtB ~~~A-sf.__ sll- · Rotf-cl)t\ -2- b !Z/ 3D 

{kJI 
2/t;ag, -IAI~ zj9 ; 68 1 q 15'- ID&,B I l5o-tb M ~ "---- 'Bolfum -3 (3~ 0 

2/'f/e>o-/)1'u. f/7/ :J3 1 9 15- l1e:, B !S'o~ 14~ k._ tfs-/1- -'3otl""" -3-h 133o 
2/.,/8~ -J111l£.12jc::rj 83, I It;/~- lv~B I B~ Jlh-s"-II ·Ho~- tf~ zooo 

o/'1/to-~''-'-Jzj9j6B 1{1!?- ll) ~.P 1 ~~4017\._ fk tt fh'ta-t3o 1/ o/'1 - t/ ~ z O()O 

SAMPLES RECEIVED FROM THE PLANT BY ON 

SAMPLES RECEIVED IN THE LAB BY ON 

B-17 

ENTROPY 



·, 

PLANT NA.HE 

PLANT LOCATION 

DESCRIBE PROCESS 

DESCRIBE SAMPLE 

PROCESS SAMPLE CHAIN OF CUSTODY 

LrmL St~1 

DESCRIBE S~~PLING PROCEDURES (i.e. Grab or Intergrated sample; single or 

composite, etc.) 611l-e.... SC.O'V)?q.f hotfd'(14-..s,. !'- r.l.J"CL§ ia)tJ.:: .. J?t<'lfT JS~;nt4-d 11..c. c~"',.e..c/ 
~'{£cf~J-c<.d UMe~ ~ J~~ fhs-& tJfau:..d ti'V--fzvo

5
}a-Cf-f4-.f-i3 

; 

--(M_ Ltnu... <J.r....rr-7 ~ ..fo.4::-~ QY~,C..C.. pe-r- ea..(._k_ r"-YL, 

SAMPLING LOG 

SAMPLE ID DATE TIME TAKEN BY SAMPLING LOCATION 

/+S/1--
Z/lo/88-nt':J z..jtof~l 9 20- l])gB ~if~ f/-Jh 
Bot1o-nt- 5 t3!7S 
zJto/86-fiii~L I z; 1qg8 1 ~ZD-
'EbttOY>1 - 5· b . t 3 5"5 I»~B I ~o-16 /hs4 

12/B/88-fJtJU..I Z/!3/8 I 
Llitt--e.- -I · 8 q~ I l3 Fk2 I Ltm.e- S!wrc-r 
f/8/ 8B- fl1 t u_ I I IBFQ_ I 

I 
LtVh<-- "'Z... z_ !S;gg I Boo Lt/he_ 2)/u-rr'j 

Z/'t/8~-111/U-, z_j<J/~5 ~ 
l-1Vt-J <. - ') 1 f 00 I :5~S I [vm L c5!wrry 

3-fi/~8 -J' U-12/7 jog I 
/..-lh?.C.- 0 l93D I -s e_s I Lt m e__ S I {A,f' ,-I 

'Zf/0(88 _,.,,~I I 
L-~w. - 1-; 2/ !of[$ t2CU I Sc5 I Umc_ Jlc.-rr-y 

I I I I 
. 

SAMPLES RECEIVED FROM THE PLANT BY ON 

SAMPLES RECEIVED IN THE LAB BY ON 

B-18 

ENTROPY 



PROCESS SAMPLE CHAIN OF CUSTODY 

PLANT NANE 

PLANT LOCATION 

DESCRIBE PROCESS -----fh&....IC..IIuW~-(__._----------------

DESCRIBE SAMPLE £ (OV)Or'VU-CE..R_ }±o{?p-ec f\s~ 

DESCRIBE SAMPLING PROCEDURES (i.e. Grab or Intergrated sample; single or 

composite, etc.) ~ bot\~~ wa.--~ eiQ.ce{ i~~..., -lk~ CJ.h. j,;,~ k:tNVI ""fote_ 
eLcrr l (11 ( i; <!..( • lk ho (.... Wet.S.. ~ h ~ 15 hi! 11 J e.( I {hsL- C~t"'-(l.cl 
,j~e_ ~aJ C!JY<~J ~ crf,(.~-hveol. ~ .SC4<1 /.,.IJ~~ f-1"--~ ;IA.JMOJa.r.r -ti~B 

SAMPLE ID 

-q f6{l:::JB - #'lliA .. f ... 

E oJJ/ 6 t:t./- J-ev 
'rz; Bt 88 - 11t t u_ 

.. e ~~~1+- -:.ctt!6t:!1 -I-b 
2/Bjre-#ttLL 

-~ 'r;Lou/6rtu- Z ~ As!f

}4-sfl -l 

~tf-

tJ-~

;:kff-

') 

o/€}-'8~ -Mit..--L. 

'Cottfqr:fl -2-b 
~/7/£8-~tU-
Flo!lf6r:n -.J'-q_ 
'e/'11 Be>- /itt u_ 

Co~t/ GdJII -3-..b 
~9/8'0 -/Jrtt-<-

c.on~-'1~ 

DATE 

2/8/89 

2/B/88 
2/0/~ 

2/8/88 

zjc;jr39 

2)tt/!l5 

2/7/89 

;As/1 
'2f9je8>-1111f..,L 

~/7/B& -t =-ce;n/6rF-</-1/-h 

TIME 

910-
;t.o5 
'flO-
j(g05 

t100 -

Zl3o 

170o-
2130 

8¥'5"-
!3 '30 

8c/t;"-
t3 30 

tl/t./5-
zooo 
It../£/ t:;-

ze; oo 

SAMPLES RECEIVED FROM THE PLANT BY 

SAMPLES RECEIVED IN THE LAB BY 

SAMPLING LOG 

TAKEN BY 

J!11~ '3 

M6,-:5"" 

Yw\..~~ 

rn<q3 

yyt~--:f 

rnq 5 
}"hq -s 
MqJ 

B-19 F-0002 
8/86 ENTROPY 

SAMPLING LOCATION 

t;;:CMtll\1~ G.~ k /~ 
. 

k c (.ryl_ c;_~ h._ Ltl'l e 

t;C.OVt ~k_ Lt~'?-
. 

~{..(r(t ~h Lt"'- e 
.. 

.];' C...O'J li=-h L t "'-e.., 

~cern_ ~"- L1-11. e 

E c... c(;L .14.! I-t_ L/,11\_C 

f:"' C-C.VL J4:Sh.... L,~ 

ON 

ON 



PROCESS SAMPLE CHAIN OF CUSTODY 

PLANT NAl-!E w' ~ e d o.J~r c ... A:-ov-
PLANT LOCATION f/'Yl LL-L- (.Vfi ~SS 

DESCRIBE PROCESS rn w G 
--~~~~~----------------------------------

DESCRIBE SAMPLE 

DESCRIBE S~~PLING PROCEDURES (i.e. Grab or Intergrated sample; single or 

composite, etc.) ftkJvHcAJttr p.f,.~ trrv -tt...e_ c...&"'-..Ptt.,..·rv -f~ --the... eu,)Wt"-U;-e.r'. 

-rJ... ~ lou ti-€e- wc:.t.-& ~ pt:;-ci, ~.v-l l 5" rn 1/11. ..J:d · -n..e._ t(YK;t-J, ~o( S' ~L 
t,Va.~ (._0<'\ec:f -d. Ci-~+vf~ · ~'S~e.-~ ~c..ct:/ d.-u~..Ja..r.S -1'!-1rB 

SAMPLING LOG 

SAMPLE ID DATE TIME TAKEN BY SAMPLING LOCATION 

~s/1-

12/IO/BS~j_Zf/o~ I B55-
I fh<=,T I 

£u>n Its·&..... L.~.-:._c:, 
'i:; £..-,n I {;£111 - ~ l3r:>5 
2./I0/8'8- ;141 1.-(._J 2.(/0f B61 BS5-

I tv\ 6t--:)' I J;:C..oY\.. 4~"" L.t.t-t c 
~lJn tt11£nl -S~ . 13~5 

I I I I 

I I I I 
I I I I 
I I I I 

I I I 

I I I 

SAMPLES RECEIVED FROM THE PLANT BY ON 

SAMPLES RECEIVED IN THE LAB BY ON 

B-20 

ENTROPY 



F-0002 
8/86 

PROCESS SAMPLE CHAIN OF CUSTODY 

PLANT NAHE 

PLANT LOCATION 

DESCRIBE PROCESS _.~....W~vJ~C...----------------

DESCRIBE SAMPLE 5 PR-!t\'i bR, ~~£. AsH-

DESCRIBE SAMPLING PROCEDURES (i.e. Grab or Intergrated sample; single or 
composite, etc.) £m IL evkt.t'\..1,, •. ::;t ~ s,_oo . I~ r-c..e.. s (. OC) ( ~k:~ 

C,.{)~f I 5" rill14&·s • . "'~a~ ~pRe C<h\.C!J a..,__d 'i £< cw+~e.d . 

SAMPLING LOG 

SAMPLE ID DATE TIME TAKEN BY SAMPLING LOCATION 

2jBjf38-fJ1'-u Z./8/~ l?otf-
V-/~D S:PRIIV :DJ2r £~£- Hopp~ II- ~RR~i-t' Of2-2-G.- 2./ 3t./-

21 Bf8 a- fii(..L(..... ZjB/88 f70t/i vJ~b 5:VRIJl(J)Q YFA2 J/ot;J~ ql 5P!UitDt2 -2-b 213 
2/'i/88-ffltLI... 2/7/B~ g,;c;-

JA) 4 D 5 PllAV ]Jr2 V£12 J.loptJer If 5P ,Q~ 'r D i2 -3 """"- !351 
2/4/~-tfftl..-C... o/9/f:>e 8'17-

IA/gP Sp/2 Iff l)/Z '(FI< /I:Jpp~ - 'PRIIY'DI'- s -h !331 
o/9/[ie, -/Jti'-L. Z/9I&!J t4'1i- 11l/9P s,pr<lfJ( DR'(££ tlop.pw-M ~.V,QAtD~- t/..q_ 2004 
2/9/88 -/411~ :?-/1/£18 111/~ W~D '-\ pr< !JI( DQ Y£2. t-loJJpq II ·5f?/2!11( j)(2 -t/-h zoo 

2j!O/$'e -!Jttlt.. ?jto/ a8 escr- )!~ b;]) cS .P/211~ J)~ 't(t:/21-!opp¥' ffJf Sf)R/1~ Dl2- 5'Q.. 13 51 
2/loj!Je~lhl~ ~It t/8~ 85"9- w6,P 5 PI<}{) f DRYriZ }/iff?W 1}5# ~f)IM t 0Jt-5--h !35'1 

SAMPLES RECEIVED FROM THE PLANT BY ON 

SAMPLES RECEIVED IN THE LAB BY ON 

B-21 

ENTROPY 



PLANT NAHE 

PLANT LOCATION 

DESCRIBE PROCESS 

DESCRIBE SAMPLE 

PROCESS SAMPLE CHAIN OF CUSTODY 

DESCRIBE S~~PLING PROCEDURES (i.e. Grab or Intergrated sample; single or 

composite, etc.) &zrJ~ ~~e.A. w·t~ ~&>6(). On..e.. Sut~Jt!~ E.SP 
f .. " 

0$ k_ G:...Vtd ~ S <-00 .S $ - r « £t.5h • tOYJt!tJIHC ~ 'e..~et;.cl.__S : 

~c.tWf~~ /fk.e.Sa..vt~pQe wa.s pfc..c..eJ ~;..., -hoo~Oo<('"S ~ IH-}5 

SAMPLING LOG 

SAMPLE ID DATE TIME TAKEN BY SAMPLING LOCATION 

.h "i> ?RA·\("J)~V.te /fo e ~JH--E7~~~~~~~~--~~~---+----~~~--~~ 

11 """' 5+>RAI,X])Qy·ce. tfopp .45rr- L...:.....-..:....::.....;__ __ ~-'----1.---L.J~"--....l..-....:...._.L...::!:....V __ ---J. _______ _;__ ___ ~ 

F-0002 
8/86 

SAMPLES RECEIVED FROM THE PLANT BY 

SAMPLES RECEIVED IN THE LAB BY 

ENTROPY 

ON 

ON 



. F-0002 
8/86 

PROCESS SAMPLE CHAIN OF CUSTODY 

PLANT NANE w~~~\ubr~ 
PLANT LOCATION f'l\ t L L b c.M'"'"{ V'h..ecSS 

DESCRIBE PROCESS 

DESCRIBE SAMPLING PROCEDURES (i.e. Grab or Intergrated sample; single or 
composite, etc.) ~PQ'-' j4ev'\ w ~""~ Seoo<p. 0!.\c:... .Sc.oap 

ev0(~ 15 ~ik.t.J-~s I Uh\ baKecj ~¢e cw...e.d C4<.c£ 

SAMPLING LOG 

SAMPLE ID DATE TIME TAKEN BY SAMPLING LOCATION 

SAMPLES RECEIVED FROM THE PLANT BY ON 

SAMPLES RECEIVED IN THE LAB BY ON 

B-23 

ENTROPY 



PROCESS SAMPLE CHAIN OF CUSTODY 

PLANT NMIE 

PLANT LOCATION 
( 

DESCRIBE PROCESS m vJ (_ ------------------------------------------

DESCRIBE SAMPLE E.s \-> f+c ppQ.y"' Cl~ ""- ~<:NY\ h.c:icJ. ~ '\--3 

composite, etc.) 

SAMPLING LOG 

SAMPLE ID DATE TIME TAKEN BY SAMPLING LOCATION 

Cf/1- (A/~p Es P ttoppe-r . ud:;/ z43 
<{Sh- ;roofo 

q 2:>"'-
qtt-

~/~D 
~S¥ ~per- rJcls. '2-c{-3 

0 ~ 
J'701 -

\AI 67 j) EsP ~p«'"-hJc;,k 243 qs.h- I g I 

C{.Sh- \,</6 "P ~p 1-bpp~t&cf~ 2{3 

\,.d D c..s:v H-oP tcM; 2~ 

\A/6q D c-s P l4a pp« -f. Jcb 2 .. 13 

11-/ ~}) f5S? Hcpp&Y" c.dclJ Zcld 

\tJ ~ 
~s p t-k>4>~( e {cf ~ 2'1/,.) 

SAMPLES RECEIVED FROM THE PLANT BY ON 

SAMPLES RECEIVED IN THE LAB BY ON 

B-2.!1 
F-0002 
8/86 ENTROPY 



F-0002 
8/86 

PROCESS SAMPLE CHAIN OF CUSTODY 

PLANT NM!E W ~ec \u\?vJur-
PLANT LOCATION (\'\ \\\ ~c.vY1 YYlc.(_£.5 

DESCRIBE PRocEss ES 'P ftoppe.Y r+-~ k J,~ Field #3 -JU t()c. 

DESCRIBE SAMPLE 

DESCRIBE SAMPLING PROCEDURES (i.e. Grab or Intergrated sample; single or 

composite, etc~) SUXnr.e~ plA./led -rJ,rau7h ~-{ty11.../Q.S .s+ce...(. (P'a?~ 
~\(lr.,. -€~~~ .. : c...no{ Lolledcc( .I"'- s+~-(t~15 slce/ th-7 rV1 

... a. 9 , !Yt.C"S (?;-6 ~ l/e<'"'f ,,~/11 -;:) . h 1'1"<.- Svvrnp 
u~n. ~ o o... u i V\. a.... s 01. c;. \ aA"" • , I 

SAMPLING LOG 

SAMPLE ID DATE TIME TAKEN BY SAMPLING LOCATION 

2/8/9'0- W.IL 
>zjajffB q,o- WC:tJ:> E~ \=> 1="1e.\d.. 3 

~- I=~P-3-14~ Jtuos-
we;ee -ll!l<-<-

2/B/8~ 
1100- W~"D t::s? 'held ..3. P-3 -t·qc:6 ~130 

'!../'i/88- M IL.C.. 

2/'1}&9 9£\S- \A.l qD ES "\) l=t e.-\d3 C;:)p_ 3- 3CL 1~30 
Z/Cf/66 _..,,u.. 

~)Ci)8~ /44:5"- Wq)) t_.s-P ~\e._\~3 
I ~p - 3 - "-q_ 2 ooo 
~it~fes -""'"<-

/:}10}8~ 
6~'5~ LJ6,o £".S p f= I eJ;/ 3 - ~~ p- 3- ,_q_ 1..3SS 

SAMPLES RECEIVED FROM THE PLANT BY ON 

SAMPLES RECEIVED IN THE LAB BY ON 

B--25 

ENTROPY 



SAMPLE RECOVERY AND INTEGRITY DATA FORM 

Plant (J)juJa_~fr:J_ } ~!/key /~./Sample date 2/ '6,/ f? l( 
Sample location ,7f}A ;1--rt /etl Vttizf :2.., Run number _ _;,/ __ _ 

Sample recovery person ,4-CC /$c .5 Recovery date ~/'16% ~ 
' { I 

Filter(s) number --~A<~~~It:~-------------------------------------

Impingers lq~tr-z.o-r rt' 
Final volume ( wt) 1 'i 't 
Initial volume (wt) --:Zt:J"D 
Net volume (wt) If( 

MOISTURE 

ml (g) 

ml (g) 

ml (g) 

Total moisture 

Color of silica gel 

___________ g 

Silica g:el 2 ~.' 
Final wt g g 

Initial wt g g 

Net wt· g g 

~ 4 qMf' 
Description of impinger water --~~~{~9~~~~-----------------------

RECOVERED SAMPLE / 

Blank filter container number ~·f·f1tJ(-Fihf4-a_g Sealed ,/"' < 

Filter container number #;{-11Hz-... k- I - f Sealed / 

Description of particulate on filter £,"H: ro/'a-trr:u. ~ 
Acetone rinse 
container number 

Acetone blank 
container number 

Samples stored and locked 

Remarks 

Ntt 

Liquid level 
marked? 

Liquid level 
marked? 

----------------------------------------

Date of laboratory custody ---------------------------------------
Laboratory personnel taking custody -------------------------------
Remarks f?ox. 2. 2.. 

ENTROPY 
B-26 



• 1 

SAMPLE RECOVERY AND INTEGRITY DATA FORM 

Plant U//.&Ja~.L!:..J:I1J/k ~£~§. Sample date z_/ 0 75/'~7' 
Sample locatio~~ ()Hif:2.f2/)/l- Run nurnblr .z_ ~/ 
Sample recovery person Ace.-/~ C 5 Recovery date :yf5~/5'25 

Filter(s) number ----~J~~~~~~---------------------------------
MOISTURE 

Impingers l R£ 4- '202_ Silica gel 2 ~s. r 
Final volume ( wt) J-3 '0 ml (g) Final wt g g 

Initial volume (wt) ~OI> ml (g) Initial wt g g 

Net volume (wt) l'BZ ml (g) Net wt· g g 

Total moisture g 

Color of silica gel J-.J'"IY(o ~ ("/... ~J 
Description of impinger water ---2~~~~--------------------------

RECOVERED SAMPLE 

Blank filter container number t!f_,·/ -t/tiFFi/4r-R8 Sealed ___;/~-:---
Filter container number M/-ftlt£.. h- 2- F Sealed / 

Description of particulate on filter lif/..:t all~ / !tftM,4 t:iM f"~t~ ~ . 
·; /(jl -r 7 --~ 

Acetone rinse 
container number ~ · ~~~!~7level 

~!till / Acetone blank 
container number 

Samples stored and locked 

Remarks 

Date of laboratory custody 

Liquid level 
marked? 

----------------------------------------
Laboratory personnel taking custody 

Remarks &z -:2..'-f 

ENTROPY 
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SAMPLE RECOVERY AND INTEGRITY DATA FORM 

Plant IJ/~kojp ) lo/1 !( ~ Sample date 2/CJq-,/&' ~ 
Sample location ..J.u(vf: (}n J.,.f -;L z/)ff Run number --~;.__-
Sample recovery person t!-CC 

1
(5z CS Recovery date =-( tJ 9/Z r 

Filter(s) number --~/Q~~~----------------------------------------

MOISTURE 

Impingers 1~0 f t11 
Final volume (wt) "3H ml (g) 

Initial volume (wt) ~ ml (g) 

Net volume (wt) JZ:~ ml (g) 

Total moisture 

Color of silica gel 

Silica gel 

Final wt 

Initial wt 

Net wt· 

;L. k-61"1-le $ j 
______ g g 

______g g 

______g g 

RECOVERED SAMPLE ~ 

Blank filter container number /t'f-11.1/.P-!J'M:a."' 1{6 Sealed --~-
Filter container number JltllltLF Irt - 3' - F Sealed V 

Description of particulate on filter 7Jf777+4trLttw!Mtk ;;. r~--f 

Acetone rinse 
container number 

Acetone blank 
container number 

Samples stored and locked 

Remarks 

Date of laboratory custody 

Liquid level 
marked? 

Liquid level 
marked? 

------------------------------------
Laboratory personnel taking custody ---------------------------

Remarks ~.yr 2.. 2..... 

ENTROPY· 
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- 1 

SAMPLE RECOVERY AND INTEGRITY DATA FORM 

Plant 11//ut~J tf.j/k: Sample date -zjo'fjqgJ 
Sample location ~...e...-T--- 'jJ;j{ifi_ '2- ~OA- Run number ~ 
Sample recovery person ~;>~ Recovery date ~~ 
Filter(s) number --~~~I!~L~~~--------------------------------------

MOISTURE 

Impingers 11~ -rtrli Silica gel -:z_ b oitles ( 
~ . 

Final volume (wt) 

Initial volume (wt) 

Net volume (wt) 

Total moisture 

Color of silica gel 

3~6 
;N>-0 

l b.a 

ml (g) 

ml (g) 

ml (g) 

Final wt 

Initial wt 

Net wt· 

g 

g 

g 

____ g 

___ g 

___ g 

RECOVERED SAMPLE 

Blank filter container number fll,-/- /¥1/f:f{/~r:.:, -RB Sealed _/_--::o----
Fil ter container number /1;/fllttp:- Tfr- If - t==== Sealed 7 
Description of particulate on filter .1utaf/~ far!" d.!h.AnL @tv,.;., rt-r 
Acetone rinse 
container number 

Acetone blank 
container number 

AJ/1-
/ 

Liquid level 
marked? 

Liquid level 
marked? 

Samples stored and locked ------L~-------------------------
Remarks 

Date of laboratory custody --------------------------

Laboratory personnel taking custody ----------------------

Remarks ~ ;2L{ 

ENTROPY 
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SAMPLE RECOVERY AND INTEGRITY DATA FORM 

Plant UJ~/e.._~ :J!ti/AvultJSample date ;L/ /fj /& g' 
sample location q:.;;-e.-.7:~ SO& Run numb~ ~c 
Sample recovery perso~ ACC

7
/:5C- S Recovery date .i/(a,L~~ 

Filter(s) number ;(/~ 
~.~L--------------------------------------------

MOISTURE 

Impingers tfr-r 2oz Silica g:el z_~k-s 

Final volume (wt) ml (g) Final wt g g 

Initial volume (wt) ml (g) Initial wt g g 

Net volume (wt) ml (g) Net wt· g g 

Total moisture g 

Color of silica gel Z-~/o ~ 
Description of impinger water tC~ 

RECOVERED SAMPLE / 

Blank filter container number /11(£~ P, (~ - ,f< 8 Sealed V 

Filter container number 1/c'&W£-kn - 5""- r= Sealed -----

Description of particulate on filter ~ ,/,41 j& Ml+-~t4 ~·~ 

Acetone rinse fl ~~ 
container number fl!~ 

--------~~----------

Acetone blank N ,d_ 
container number · ;v / 
Samples stored and locked iZ 
Remarks 

Date of laboratory custody 

Laboratory personnel taking custody 

Remarks 

Liquid level 
marked? 

Liquid level 
marked? 

ENTROPY 
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SAMPLE RECOVERY AND INTEGRITY DATA FORM 

Plant 

Sample location FJe;t: f/11a.~ 2_ 

Sample recovery person 

Filter(s) number 

Sample date ~ D /f5 £? 
?tJA:- Run ner

7 h~~ 
Recovery date ~t/~~ 

MOISTURE 

Impingers 

Final volume ( wt) "'2-QO ml (g) 

Initial volume (wt) ~ ml (g) 

Net volume (wt) 

Total moisture 

Color of silica gel 

'C> ml (g) 
______ g 

0% 
Description of impinger water 

Silica gel 

Final wt 

Initial wt 

Net wt· 

___ g 

___ g 

___ g 

RECOVERED SAMPLE 

Blank filter container number Sealed 

Sealed Filter container number 

Description of particulate on filter 

Acetone rinse 
container number 

Acetone blank 
container number 

Samples stored and locked 

Remarks 

Date of laboratory custody 

Liquid level 
marked? 

Liquid level 
marked? 

___ g 

___ g 

___ g 

Laboratory personnel taking custody --------------------------

Remarks 5/dY/.e.d /5".'00 

ENTROPY 
B-31 



SAMPLE INVENTORY FOR MILLBURY, MA. RESCO 

Label Format 

------------------------------------Plant: t1illbury Date: 2/ /88: 
Run No.: i1M5 Method: 
Location: IN Portion: LEGEND: 
Sample #: 2/08/88-M!L-MM5-IN-1-PR PR = Probe Rinse 
------------------------------------: F = Filter 

CR = Condenser Rinse 
SM = Sorbent Module 
IC = Impinger Contents 
IR = Impinger Rinse 
ss = Silica Gel 
T = Toluene Rinse 

Combined DATE Plant SampleSampling Run Portion Sample # 
Sample Type Location No. 

2/08/88 t·1i 11 bury MM5 IN 1 PR of 2 2/08/88-MIL-MMS-IN-1-PR 
2/08/88 Millbury MM5 IN 1 PR 2 of 2 2/08/88-MIL-MMS-IN-1-PR 
2/08/88 Millbury MMS IN 1 F 2/08/88-MIL-MMS-IN-1-F 

2 2/08/88 Millbury MMS IN CR 2/08/88-MIL-MMS-IN-1-CR 
2/08/88 Millbury MH5 IN 1 SM 2/08/88-MIL-MMS-IN-1-SM 
2/08/88 Millbury MM5 IN 1 IC 2/08/88-MIL-MMS-IN-1-IC 
2/08/88 i1i 11 bury MM5 IN 1 IR 2/08/88-MIL-MMS-IN-1-IR 

3 2/08/88 Millbury ~1M5 IN 2 PR of 2 2/08/88-MIL-MMS-IN-2-PR 
2/08/88 r1i 11 bury MM5 IN 2 PR 2 of 2 2/08/88-MIL-MMS-IN-2-PR 
2/08/88 ~1illbury MMS IN 2 F 2/08/88-MIL-MMS-IN-2-F 

4 2/08/88 ~1i 11 bury MM5 IN 2 CR 2/08/88-MIL-MMS-IN-2-CR 
2/08/88 ~tillbury ~IMS IN 2 SM 2/08/88-MIL-HMS-IN-2-SM 
2/08/88 Millbury MM5 IN . ...., IC 2/08/88-MIL-MMS-IN-2-IC .. 
2/08/88 Millburv MM5 IN 2 IR 2/08/88-MIL-MMS-IN-2-IR 

5 2/09/88 Millhury MM5 IN ' PR of 2 2/09/88-MIL-MMS-IN-3-PR ~· 

2/09/88 Pli 11 bury MM5 IN ., PR '") of 2 2/09/88-MIL-MMS-IN-3-PR ..) .t.. 

2/09/88 Millbury MM5 IN ,:. F 2/09/88-MIL-MMS-IN-3-F 

6 2/09/88 rtillbury MM5 IN 3 CR 2/09/88-MIL-MMS-IN-3-CR 
2/09/88 Millbury MM5 IN 3 SM 2/09/88-MIL-MMS-IN-3-SM 
2/09/88 Millbury MM5 IN .) IC 2/09/88-MIL-MMS-IN-3-IC 
2/09/88 1·1 ill bury f1M5 IN 3 IR 2/09/88-MIL-MMS-IN-3-IR 

.., 2/09/88 tlillbury NM5 IN 4 PR of .:J 2/09/88-HIL-MMS-IN-4-PR I 

2/09/88 f1illbury MM5 IN PR 2 of 3 2/09/88-MIL-MMS-IN-4-PR 
2/09/88 ~1i!lbury MM5 .) of ., 2/09/88-MIL-MMS-IN-4-PR 
2/09/88 11illbury MMS 2/09/88-MIL-MMS-IN-4-F 

Transmitted by: Date: t-(1-~(!Y 
Received by: -- Date: =t=~~~~ 
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Combined DATE Plant SampleSampling Run Per ti on Sample # 
Sample Type Location No. 

8 2/09/88 Millbury MM5 IN 4 CR of 2 2/09/88-MIL-MM5-IN-4-CR 
2/09/88 t1illbury MM5 IN 4 CR 2 of 2 2/09/88-MIL-MMS-IN-4-CR 
2/09/88 Millbury MM5 IN 4 SM 2/09/88-MIL-MMS-IN-4-SM 
2/09/88 Millbury MM5 IN 4 IC 2/09/88-MIL-MM5-IN-4-IC 
2/09/88 Millbury MM5 IN 4 IR of 2 2/09/88-MIL-MMS-IN-4-IR 
2/09/88 Millbury MM5 IN 4 IR 2 of 2 2/09/88-MIL-MMS-IN-4-IR 

9 2/09/88 Millbury MN5 IN 4 T 1 of 2 2/09/88-MIL-MMS-IN-4-T 
2/09/88 Millbury Ml15 IN 4 T 2 of 2 2/09/88-MIL-MMS-IN-4-T 

10 2/10/88 Millbury MM5 IN 5 PR 1 of 2 2/10/88-MIL-MM5-IN-5-PR 
2/10/88 Mi 11 bury MM5 IN 5 PR 2 of 2 2/10/88-MIL-MHS-IN-5-PR 
2/10/88 Millbury MM5 IN 5 F 2/10/88-MIL-MH5-IN-5-F 

11 2/10/88 Millbury MM5 IN 5 CR 2/10/88-MIL-MHS-IN-5-CR 
2/10/88 Millbury MM5 IN 5 SM 2/10/88-MIL-MMS-IN-5-SM 
2/10/88 Millbury MM5 IN 5 IC 2/10/88-MIL-MM5-IN-5-IC 
2/10/88 Millbury MM5 IN 5 IR 2/10/88-MIL-MMS-IN-5-IR 

12 2/10/88 Millbury MM5 IN FB PR Train 2 2/10/88-MIL-NMS-IN-FB-PR 
2/10/88 Millbury MM5 IN FB F Train 2 2/10/88-MIL-MM5-IN-FB-F 

-1 2/10/88 t1i 11 bury MM5 IN FB CR Train 2 2/10/88-MIL-HMS-IN-FB-CR 
I 2/10/88 Millbury MM5 IN FB SM Train L. 2/10/88-MIL-MM5-IN-FB-SM 

- ' 2/10/88 t1i 11 bury MM5 IN FB IC Train 2 2/10/88-MIL-MMS-IN-FB-!C 
2/10/88 Millbury 11M5 IN FB IR Train '1 2/10/88-MIL-MM5-IN-FB-IR .:.. 

' ' 
13 2/23/88 Millbury ASH BOTTON COMB a 2/23/88-MIL-ASH-BOTTOM-a 

14 2123/88 Millbury ASH ECON/GEN COMB a 2/23/88-MIL-ASH-ECON/GEN-a 

15 2/23/88 Mi 11 bury ASH SPRAY DR. COMB a 2/23/88-MIL-ASH-SPRAY DR.-

16 2/23/88 Millbury ASH ESP 2+3 COMB a 2/23/88-MIL-ASH-ESP 2+3-a 

17 2/23/88 Millbury ASH ESP 3 COMB a 2/23/88-MIL-ASH-ESP 3-a 

18 2/23/88 ~1:illbury ASH E"P :J, ALL COMB a 2/23/88-M!L-ASH-ESP ALL-a 

19 2/08/88 t'liilbury LIME 2/08/88-MIL-LIME- -1-

'_, 
20 2/07/88 Millbury 11115-PB LAB 4 PR Train 2 2/07/88-MIL-MMS-PB-LAB-4-PI 

2/07/88 Millbury Mt15-PB LAB 4 F· Train 2 2/07/88-MIL-MMS-PB-LAB-4-F 
2/07/88 Millbury MM5-PB LAB 4 CR Train 2 2/07/88-MIL-MM5-PB-LAB-4-Cf 

...__j 2/07/88 Millbury MMS-PB LAB 4 SM Train 2 2/07/88-MIL-MHS-PB-LAB-4-SI 
2/07/88 i1illbury MM5-PB LAB 4 IC Train ·' 2/07/88-MIL-HMS-PB-LAB-4-![ 
2/07/88 t1illbury 11t15-PB LAB 4 IR Train '"' 2/07/88-MIL-MMS-PB-LAB-4-If £. 

21 2123/88 r1illbury FLYASH AUD 2/23/88-MIL-FLYASH-AUD- -
~~ 

Li.. 2/23/88 Millbury XAD AUD F-130 2/23/88-MIL-XAD-AUD-F-130-

23 2/23/88 Millbury XAO AUD F-145, 2/23/88-MIL-XAD-AUD-F-145-

24 2/23/88 t1illbury XAD AUD F-176 2/23/88-MIL-XAD-AUD-F-176-

z~Zi-YY Transmitted by: -::::==· D at e : 
i~~J-/£:~ Received by: Date: B-33 --



_.:::ff 1 B rl .S:.--f'MZt~ rr 4 '5~/ c- /(} 
r:3tC-t::-·pr ;:;.:;;!. 01 TRIANGLE LABDRATORIES,.INC_ [> l 
c~'lr.ll PCDD/PCDF SAMPLE TRACKING & MANAGEMENT FORM i!IIi./LOMI~/;;~11"'7.,~ 

'<AD n·e--<,f,K£i) 1.--------,1 I I 
: ~LI_,PRO~ECT HUMBER: -<~/~'/ DUE DATE: .:J.r!,lf!_/r SAMPLE EXTRACTION: Soxhlet Sep.fun. ~~O.Stark ~-·IY· !. 

_ _,, u ._jiz /1<..•J'c \ SAMPLE CLEANUP: 8280 A540 Reg.V '·ASHE ;Other 
:...c - ) ---~ • y. JWI{_ . :=;:-.. 

CUSTOMER ID. J : P~y(i?QI'1 RECEIVING DATE : <-.\. r::-- tL l MASS SPECTROMETEB.:.-_ 8280 1S;FJV. SYSTEM{if-OJ TR-0 T-O TETR 

NUMBER OF SAMPLES: __:_ TURN AROUND TIME : ~, u-J CONFIRM : no ;_tetrj.) T-Hp (RTW ·.TEF R!(.{S? ) 

EXTRACTION DATE : ~d-7( 't<g SPLE fORT. SLN ID.: · ,:.m-:..: DATA REDUCTION; 8280 828'0111 (!$B!Zg,90 

METHOD BLANK· no 0 es B., DUPL · io';yes ID (__~) MS·~yes MSD ID( ( 1/ 1:::r) MS SLH· -!lL ID( A~) ... . -------
ENTRY TLI. CLIENT SPLE SAMPLE :I:~ ~RY llsis· .C/MS FILE CONFIRM UNITS COMMENTS Q 

Ho. Ho SPLE ID TYPE SIZE rs WT I Vol HAME NAME pg/ng ~c~Sfe c 
Y/H /Q4! L ppt/ppb .t::..D j-f€J!..(; 

a 1) :¥ rt='-' ._.=..,_-c-':::1. ,.. 
ILl BLANK /Oo ~M-sio'114 

~I (.,- .J &~ { ~l ~ ~~'<l(lf ~~qoq~'f 
:J. -c '8 --a<;; 

fou.J-1..- M I L -M 1\1 !J-- I N .: I 
'.i.. M~gOlf1'1 I 

liJ_ f-1 J+(n p. .:1_ JOC'~ llfi5~. j.s:f' vw·oq1.( r I 

43 i 1--=?~ l=S 3 /OO,u.J M~iO"ln, ~fk0'13" 
i 

;). ! 

-;4 ~I JoO.vJ< 
/Vl'ii~C 'I r'/ 

SPiOq:rl 'f 'i' ~~ 
I 

cr~o. ~4 Vai~e:7~ VI :l 
I 

! r::is- 1 :J,.-0'1- ~- 'l 

•5' i3J+ /601-'- fl\'i."(rfi G. I ~ .. 
.. . ·, 

MIL- tv1M S:tlll~?l ··-

-~ 
v;..! d..r..., {oo;J. M~%'~'11-~ l)g ~til_!ft I ?l J l:5'-7i~ 

'1 ~~ 
;Yifl%3ir; 

iSfgO'f39 I 4-f..,- )..7- I ;1. /00 I.L·,~ • 1/ I 
'i' . 

~~ 
I 

~ ~4 t<g t:i-~ too,J 14#10~".5 
I 

'lit 
, \!E-+iD ts8JOCIW \JI 

iJ. TLt6_( J;J 
''--

{oc 
~P- 11 ~flo '11-S" 

~() 
l,.-?-1~1- ~ F$-iO (oo/J.. ~£:6'tt£a S'k~OW_ 

~~-/0 -'3't -
~IL-VV1M5-IN-b 

.jJ h q-7"1; 
I 

\ 
I 

::t- I I Joo . .J l/!r~t?96~ 1~920'14/. l i s 
I~).. .,;.,i.. it 

I 

~ 
'1/ 13- i¥ ::r"/'1. /1)0~ /J9rio%;.. ISaroN.f v ~Fl3 

~oj~'* J I jtJO~ v.·~Fo96t- SIJ'IYI'Ii 
~ . .,'1-n-

(;-J ~-J-1- r:J. :l/1 Mtt..-f'l\1\15- P8~LA(Vf 

15 I 
16 ~~ v . ~lj <Jl~ 

·1L, ,t,i)!.; ' Sml '-'---<-\. '-<._· T~ 
17 r'..-'-;~..~J.--<-1' b-e<-- E 1 c -""'": (j .b -D ~ 

·~~ ' 1 I -? 7 I :z..! :5 ,.;; -t:. -t:. 
. . ..... \...... ' . 

/ I 
18 ~- '~ . 

19 ~ 
·' 

~-1· ~ 
.. 

~k~a.J- OM.V , 20 "'5~ AJ' __,__,_ 
(_A_)-<..-~.Q J...._ t- ~ k;cct.u ~~ I~ A. .d/~ ,.... :-c ....24 ~ 

-
RRT (conf.) icat concal ~-Q.u_.; ~ ~ 
!CAL (conf.) U.5, ?/j/ &-'? ' RRF ( FS) jcal ... co neal 

ICAL (FS) A~lf 3/13/'2:? 

COHCAL (FS)/H~·~c'7<.!'1 FOR ENTRIES c7~-3 TO_ "l~_ 

t~\S8i-"Cf&C FOR ENTRIES 'iG l TO C}G]) 
f\'1 ~ g oc; ::t-i q ~ '-t --ro 'i P-r 

REV52/20/88 __ ._{._ • .:.......-c.·~, " . ' 

-· -I 

. , . __ ._. 

CONCAL (conf .)SS80'fif{ 
7 

FOR ENTRIES rj'l:f TO !].:!:1_ 

B-34 S'lf!DC/ 29 FOR ENTRIES _3p_i:.__ TO .!i3.tj_ 
CoL. .p,;t<, 5~~0 '1'l.~ 
.:.ot..,;"~~~ <;;~yoql.{o 

-- . ; . :._ 
~"'v t, (.; . ....: --. ·1 .. ,.: ... A<::L 



A.5HE A 
TRIANGLE LABORATORIES,INC_ v - //.. ... ~ 

r-------, PCOD/PCDF SAMPLE TRACKING & MANAGEMENT FORM \.'r.,i..,v>~rti•/L Olf <?oai/70~ 

TLI PROJECT HUMBER: ( . .z.'/ ~~.:, ! DUE DATE: )3/7N!.. // SAMPLE EXTRACTION: ~V Sep.Fun. Jar D.Stark Other 
SAMPLE CLEANUP: 8280 A540 Reg.Y {A§B!J Other 

CUSTOMER ID. : ;:,u;•?/: ;:-'/ RECEIVING DATE : )p~: b 'i'( MASS SPECTROMET;R.:. __ 8280 A~ _.--SYSTEM :/ir-0) TR-0 T -0 TETR 

NUMBER OF SAMPLES: i TURN AROUND TIME : ~:, ·C/ CONFIRM : no r;tetra' T-Hp ®J TEF lm~fm)~Jf)f\ 

EXTRACTION DATE : ; · -, SPLE FORT. SLN ID.: (,/ <.,r$ DATA REDUCTION~~ 8280 8280III ~8290 / 

METHOD BLANK· no 0 yes~ DUPL · ·fia)yes ID ( .L.C,,o_l MS· iWyes MSD ID( J · /ll ) MS SLH· ~L ID(~) .. - ._/ ' -
lEtt TRY TLI. CLIENT SPLE SAMPLE % DRY ~ ~C/MS FILE CONFIRM UNITS COMMENTS Q 

/' ":> Hi>.:; 
Ho. Ho SPLE ID TYPE SIZE MOIST. WT VOL NAME NAME pg:~· :-7/~ 

c 
LIPID y~ ;.;:.qJ L ppt p 

C3 \Ll BLANK /OOJJ), fl'{t?rf1 150 ~«oq~q 

'lC[ 
~ ...... ~ ~-o"l-&8 

~-)_~ -i.IJ. f-1 fj. q M'f60Cj8/ 1$'!1;01/ft 1\.111- -Mm£ -t~- 4~T 

l,.-.)..3 -<jS~ -1}1 iL lft':::t"f ..L-.23 ·-'if~ -1\1/L-A Sfl 

\3 ' ..• -).. Cf - :2. 13m orv~ a 'r!l:; 1o.l'\9 ~-.tJ?.l !~fd_"@ . AATT, a 

1'4 
\ 

3 i0·0~~ I ('t(llrft:/.'3 'Lc:~--.A . .:./ ~-.v a \ Pft IM<t~~4'i-":t-

I \ ;c; I 

\ 15 ! 
I 

r;"~foq11 "')_ Dvri "+ ;!f.S \0 ~ ... I 
I fll.'fZ[_'t1 ~~ ..,, 

I 

I (\ :5 qc i I 
~ J 

j6 I s- ar6; I M '?YO q 'gCJ ~Yr'f'if-f ESP ::Lt-3.a 
I 

I ')-~ 
I 

f7 I 
(o t:t({ \0.0 ' tA~tO .. f1Z ~~1(')(0111 I ES f' 3 0? I I 

(8 \ 7 at~ 
t., e, 

\ll M~~d'!Cf.5' ~~&q1-f ~ ESP W-a i ,o· 
;J..-o:J<j- 'irl(-f\1\ .... - (()};!; too tjf ~'1\~f~~~~ -~. 

WUG.f 1. 0 9 to c..Y~uOa ~ 

19 \} n tt;q 0 
'l Lt /'V\ £-I- JS Ito~ 4-4)SZ.S o97ft> ~ c::thl- <i.J!.~ 
J ~-

• 
I \,\ '\ ~M"i!'il'ico1.. 

J. -;l.:, -'Is''( .. rn 1 L-

~1 \ 'i ~~ \0' ,J /0~ (r@tifV I l-1 v As h - A lA D 
; 

1~2 : /I) PJ.J. ~.~ :Na~too3 '[woct1? 'L"r b -A tiD -F- 130 / 
I 

rJ'131 ~ 1~3 11 
~ 

;1..4 \J il. ;J .Lf .). ~ 
;l.S ..--

I Li 6J ---~~ 
16 

17 

18 

19 

20 

RRF (FS) .:·ical concal 
ICAL (FS) FS115mf. 3 1'~ 1 >:< 
COHCAL (FS)j\'\'ii'rcq t_l _FOR ENTRIES 51Q__ TO _ C)?J, 

tV\~".< CCI~ 1~ q9 '+ 10 "'/'15' 
i'l\'i!~·:, ~"" FOR ENTRIES ~!',J_ TO •t't'''-

I 
I l 
~ 

(}) 

.~ 

#}\J'l 
.h~ 

~ L 
~ 

• <." 

I \ M6rnn4 ~fft'71f' 
! 

't.f 5 ' -' 

1N/1ru)~u 
' 

~ \; IV i, (p 

' 

~~~1001 

I 
I 

RRT ( conf.) ical co neal 
!CAL (cent.) ',f.~. ~:f~/f'f' .tf 

COHCAL (cont.) .))qC'Jf..L FOR ENTRIES t?&1 _TO 'l ,.D 

FOR ENTRIES ___ TO ---

REV 5 2/20/88 . ,:,._' B-35 

l;f::.i(K. lr1~i::vC!7-/f r~.w.\ 
~\' £1. ·~yt+\ 
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MOLECULAR WEIGHTS OF CDD/CDF ISOMERS 

NAME 
TOTAL MCDD 
TOTAL DCDD 
TOTAL TriCDD 
2378-TCDD 
TOTAL TCDD 
12378-PCDD 
TOTAL PCDD 
123478-HxCDD 
123678-HxCDD 
123789-HxCDD 
TOTAL HxCDD 
1234678-HpCDD 
TOTAL HpCDD 
OCDD 
TOTAL MCDF 
TOTAL DCDF 
TOTAL TriCDF 
2378-TCDF 
TOTAL TCDF 
12378-PCDF 
23478-PCDF 
TOTAL PCDF 
123478-HxCDF 
123678-HxCDF 
234678-HxCDF 
123789-HxCDF 
TOTAL HxCDF 
1234678-HpCDF 
1234789-HpCDF 
TOTAL HpCDF 
OCDF 

B-36 

Mol. Wt. 
218.35 
252.90 
287.45 
322.00 
322.00 
356.44 
356.44 
390.88 
390.88 
390.88 
390.88 
425.32 
425.32 
459.76 
202.35 
236.90 
271.45 
306.00 
306.00 
340.44 
340.44 
340.44 
374.88 
374.88 
374.88 
374.88 
374.88 
409.32 
409.32 
409.32 
443.76 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: JJ 
03/16/88 

FILE NAME: M880954 
SAMPLE #1 
ENTROPY 
8802191 

CONCAL: M880949 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

TOTAL MCDD ND 0.005 
TOTAL DCDD 1.508 1 1. 69 
TOTAL TRICDD 5.002 6 1. 02 
2378-TCDD 0.900 0.76 29.10 
TOTAL TCDD 10.565 14 0.80 
12378-PCDD 1. 429 0.61 34.31 
TOTAL PCDD 11.449 12 0.63 
123478-HxCDD 1.302 1. 26 39.16 
123678-HxCDD 2.071 1. 32 39.24 
123789-HxCDD 4.251 1. 26 39.52 
TOTAL HxCDD 23.917 7 1. 28 
1234678-HpCDD 9.624 1. 06 44.12 
TOTAL HpCDD 17.836 2 1. 06 
OCDD 21.610 0.89 49.16 
TOTAL MCDF ND 0.346 2.49 
TOTAL DCDF 33.207 7 6.21 
TOTAL TRICDF 73.761 11 1. 04 
2378-TCDF 14.850 0.79 28.25 
TOTAL TCDF 110.533 16 0.77 
12378-PCDF 4.045 0.62 33.05 
23478-PCDF 5.057 0.63 34.02 
TOTAL PCDF 62.642 16 0.62 
123478-HxCDF 10.930 1. 17 38.07 
123678-HxCDF 6.333 1. 18 38.17 
234678-HxCDF 5. 7 51 1. 20 39.05 
123789-HxCDF 0.484 1. 24 40. 13 
TOTAL HxCDF 53.315 12 1. 21 
1234678-HpCDF 12.825 1. 01 42.42 
1234789-HpCDF 1.038 0.96 44.50 
TOTAL HpCDF 20.049 4 1. 02 
OCDF 4.695 0.86 49.29 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

9.39 
10.74 
13.94 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

93.90 
107.40 
139.40 

RATIO 

0.80 

1. 27 

RT 

28.22 
29.10 
38.07 

=========================================================================== 
NAHE AMT (ng) % REC. RATIO RT 

2378-13C12-TCDD 9.68 96.80 0.80 29.09 
13C12-PCDD 11.19 111.90 0.63 34.31 
13C12-HxCDD 6.88 68.80 1. 27 ·39. 23 
13C12-HpCDD 9.72 

B-37 
97.20 1. 07 44.12 

13C12-0CDD 16.08 80.40 0.89 49.15 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS {D) 

ANALYST: EW 
03/18/88 

FILE NAME: M880979 
SAMPLE #2 
ENTROPY 
8802191 

CONCAL: M880971 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

-----------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

--------------------------------------------------------------------------· 
TOTAL MCDD ND 0.008 
TOTAL DCDD ND 0.018 
TOTAL TRICDD ND 0.045 
2378-TCDD ND 0.013 
TOTAL TCDD ND 0.029 1. 06 
12378-PCDD ND 0.018 
TOTAL PCDD ND 0.033 0.73 
123478-HxCDD ND 0.025 
123678-HxCDD ND 0.025 
123789-HxCDD ND 0.030 
TOTAL HxCDD ND 0.537 4.09 
1234678-HpCDD ND 0. 106 1. 30 
TOTAL HpCDD 0.101 1 1. 12 
OCDD 0.899 0.80 49.24 
TOTAL f"lCDF ND 0.008 
TOTAL DCDF ND 0.022 
TOTAL TRICDF 1.929 7 1. 02 
2378-TCDF 0.222 0.70 28.31 
TOTAL TCDF 1.748 10 0.73 
12378-PCDF 0.070 0.69 33.12 
23478-PCDF 0.078 0.64 34. 10 
TOTAL PCDF 0.959 9 0.61 
123478-HxCDF ND 0.197 1. 89 
123678-HxCDF ND 0.015 
234678-HxCDF ND 0.018 
123789-HxCDF ND 0.025 
TOTAL HxCDF 0.283 1 1. 19 
1234678-HpCDF 0. 183 1. 15 42.49 
1234789-HpCDF 0.052 0.96 44.58 
TOTAL HpCDF 0.323 3 1. 06 
OCDF 0.392 0.92 49.37 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

8.07 
8.60 

14.05 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

80.70 
86.00 

140.50 

RATIO 

0.78 

1. 24 

RT 

28.28 
29.17 
38.14 

-----------------------------------------------------------------------------------------------------------------------------------------------------~ 

NAME AMT (ng) % REC. RATIO RT 

2378-13C12-TCDD 9.56 95.60 0.80 29.16 
13Cl2-PCDD 10.79 107.90 0.62 34.37 
13C 12-Hx.CDD 5.79 57.90 1. 25 39.31 
13C12-HpCDD 10.90 109.00 1. 07 44.19 
13C12-0CDD 24.98 B-38 124.90 0.92 49.23 



Page No. 1 
03/28/88 

M880979B 
MATCHED GC PEAKS /RATIO/ RET TIME 

N Z RATIO RT. AREA NATCH_RAT NATCH RT REL RT 

270 1. 33 20.37 579.17 .F. .F. 0.000 
270 0.89 20.57 561.90 .T. .F. 0.000 
270 1. 13 21.21 543.02 .T. . F. 0.000 
270 1. 30 21.45 944.13 .F. • F. 0.000 
270 1. 06 22.06 674.92 . T. .F . 0.000 
270 1. 06 22.29 561.42 . T. .F . 0.000 
270 1. 01 22.39 775.07 . T. .F • 0.000 
270 0.87 22.56 179.62 . T. .F . 0.000 
270 1. 10 23.08 700.85 . T. .F . 0.000 
304 0.68 25.51 246.52 . T. .F . 0.883 
304 0.69 26.06 171.60 .T. .F. 0.892 
304 0.74 26.26 2410.37 .T. .F. 0.903 
304 0.72 26.42 1347.63 . T. .F . 0.912 
304 0.73 27.07 1318.48 . T. .F . 0.927 
304 0.65 27.25 913.30 .T. .F. 0.937 
304 0.54 27.41 1004.19 .F. .F. 0.946 
304 0.81 28.03 586.60 .T. .F. 0.958 
304 0.70 28.31 1121.67 .T. .T. 0.974 
304 0.76 28.58 449.01 . T. .F • 0.990 
304 0.83 29.12 259.91 .T. .F. 0.998 
316 0.68 28.01 403.75 .T. .F. 0.957 
316 0.78 28.28 43029.66 .T. .T. 0.973 
316 0.72 30.23 707.02 .T. .F. 1.038 
320 1. 06 28.01 109.64 .F. .F. 0.957 
328 0.00 29.17 31249.63 . T. .T . 1.001 
332 0.81 29.02 24689.12 .T. .T. 0.992 
332 0.80 29.16 35050.26 . T. .T . 1.000 
338 0.75 30.42 282.75 . F. .F . 0.887 
338 0.54 31.56 345.06 .T. .F. 0.922 
338 0.62 32.05 1770.03 .T. .F. 0.927 
338 0.59 32.17 340.77 .T. .F. 0.933 
338 0.68 32.49 361.29 .T. . F. 0.948 
338 0.69 33.12 320.29 .T. .T. 0.959 
338 0.58 33.24 184.53 .T. .F. 0.965 
338 0.52 33.34 276.29 .T. .F. 0.970 
338 0.64 34.10 328.01 .T. .T. 0.987 
338 0.67 34.21 274.38 .T. .F. 0.992 
354 0.73 32.13 99. 11 .F. .F. 0.931 
366 0.62 34.37 13902.78 .T. .T. 1.000 
374 1. 19 36.59 835.68 .T. .F. 0.936 
374 1. 89 38.13 661.30 • F. .T. 0.967 
386 1. 24 38.14 36328.22 .T. .T. 0.968 
390 4.09 38.14 1003.53 .F. .F. 0.968 
402 1. 25 39.31 14690.84 .T. .T. 1.000 
402 1. 26 39.59 27030.84 .T. .T. 1.012 
408 1.15 .:!:2.49 947.50 .T. .T. 0.966 
408 0.83 43.11 248.39 . F. .F. 0.974 
408 1. 08 43.24 315.76 .T. .F. 0.979 
408 0.96 44.58 206.15 .T. .T. 1.015 
424 1. 12 43.15 279. 11 .T. .F. 0.976 

-
B-39 



Page No. 2 
03/28/88 

M880979B 
MATCHED GC PEAKS /RATIO/ RET TIME 

M_Z RATIO RT. AREA MATCH_RAT MATCH_RT REL_RT 

424 1. 30 44.20 291.87 . F. .T . 1.000 
436 1. 07 44.19 19892.36 . T. .T . 1.000 
442 0.92 49.37 1015.24 .T. .T. 1.005 
458 0.80 49.24 1789.82 . T. .T . 1.000 
470 0.92 49.23 39097.05 .T. .T. 1.000 

*** Total *** 
*** 51.15 1773.8 313707.41 44.425 

B-40 
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M Z RATIO 

4.92 
3.43 
0.14 
0.11 

218 0.09 
218 0.22 
218 0.51 
218 0.22 
218 0.29 
218 0.29 
218 0.30 
218 0.22 
218 0.15 
218 0.13 
218 0.19 

RT. 

8.52 
9.00 
7.49 
7.58 
8.52 
9.06 
9.25 
9.32 
9.55 

10.14 
10.40 
10.52 
11.07 
11.30 
12.01 

218 
~38 

~(Q_ ) 238 
"~ 238 
' ..Jr'fv \ 238 

) 238 
'0-52 

270 

0.20 13.13 
0.25 11.49 
8.18 14.06 
0.76 14.20 
4.01 15.56 
3.83 16.45 

10.25 12.09 
1;..3:lG 20.37 
~20.57 
1.13 21.21 

~ 
. a... (k_ 270 
v 270 

270 1.30 21.45 
270 1.06 22.06 
270 1.06 22.29 
270 1.01 22.39 
270 0.87 22.56 
270 1.10 23.08 
304 0.68 25.51 
304 0.69 26.06 
304 0.74 26.26 
304 0.72 26.42 
304 

c~L 304 
~ .<{,~~ c· ~... 304 

. C~3o4 

304 

0~ ??s- 27.07 
~ 27.25 
0.54 27.41 
0~ 128.03 
0.70 28.31 

304 0.76 28.58 
304 0.83 29.12 
316 0.68 28.01 
316 0.78 28.28 
316 0.72 30.23 
320 1.06 28.01 
328 0.00 29.17 
332 0.81 29.02 
332 0.80 29.16 
338 0.75 30.42 

M880979B 
MATCHED GC PEAKS /RATIO/ RET TIME 

AREA MATCH_RAT MATCH_RT REL RT 

323.44 .F. 
416.83 .T. 

2721.94 .F. 
4430.48 .F. 
4429.96 .F. 
1751.06 .F. 
1219.57 .F. 
1572.20 .F. 
4704.31 .F. 
2902.12 .F. 
1957.72 .F. 
2769.00 .F. 
3364.27 .F. 
3437.20 .F. 
2862.46 .F. 

.F. 

.F. 

.F. 

.F. 

. F. 

.F. 

.F. 

.F. 

.F. 

.F. 

.F. 

.F. 

.F. 

.F. 

.F. 
2005.47 .F. .F. 

367.68 .F. .F. 
605.56 .F. .F. 
263.22 .F. .F. 
327.32 .F. .F. 
273.96 .F. .F. 
852.16 .F. .F. 
579.17 .F. .F. 
528.82 .-FT56t'~ .F . 
543.02 .T. .F. 
944.13 .F. 
674.92 .T. 
561.42 . T. 
775.07 .T. 

.F. 

.F. 

.F. 

.F. 
179.62 .T. .F. 
700.85 .T. .F. 
246.52 .T. .F. 
171.60 .T. .F. 

2410.37 
1347.63 
1318.48 

.T. .F. 

. T. .F. 

. T. .F. 
-91"5-:-83 .-FTII"\' 5 .F. 

1004.19 .F. .F. 
-&8-8742 . F.f S'i b · ( . F. 

1121.67 .T. .T. 
449.01 .T. .F. 
259.91 .T. .F. 
403.75 .T. .F. 

43029.66 .T. 
707.02 .T. 
109.64 .F. 

31249.63 .T. 
24689.12 .T. 
35050.26 .T. 

282.75 .F. 

.T. 

. F. 

.F. 

.T. 

. T. 

.T. 

.F. 

B-41 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 . 000 \-d--~ 1.--v 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.883 
0.892 
0.903 
0.912 
0.927 .1-\. Yu 
0.937 I 
0. 946 ('<.0 
0.958 ili-·lv 
0.974 
0.990 
0.998 
0.957 
0.973 
1.038 
0.957 
1.001 
0.992 
1.000 
0.887 



Page No. 2 
03/20/88 

M8809798 
MATCHED GC PEAKS /RATIO/ RET TIME 

M Z RATIO RT. AREA MATCH_RAT MATCH_RT REL RT 

338 0.54 31.56 345.06 .T. .F. 0.922 
338 0.62 32.05 1770.03 . T. .F. 0.927 
338 0.59 32.17 340.77 .T. .F. 0.933 

~ cl..4~338 0.68 32.49 361.29 . T. .F. 0.948 r;iC.... 
-r 

ct.. 338 0 .A-i.(,"l 33. 12JJ.C,...>-"' 36.9-.-S2 ~F-. "I .T. 0.959 
338 0.58 33.24 184.53 . T. .F. 0.965 
338 0.52 33.34 276.29 .T. .F. 0.970 
338 0.64 34.10 328.01 .T. . T. 0.987 
338 0.67 34.21 274.38 .T. .F. 0.992 
354 0.73 32.13 99.11 .F. .F. 0.931 

d66 
0.62 34.37 13902.78 .T. .T. 1.000 

t-~1..10 ,-G 74 1.92 36.44 143.16 .F. .F. 0.930 
e / 374 2.16 36.48 69.89 .F. .F. 0.931 ,._;0 \ ) --rJ ,_. 

374 1.19 36.59 835.68 . T. .F. 0.936 
374 1.89 38.13 661.30 . F. .T. 0.967 

-~ ~74 
1.83 38.23 369.15 .F. .T. 0.971 

v~ t_l_74 2.28 39.14 230.79 . F. .T. 0.993 
~jV·• 386 1.24 38.14 36328.22 . T. . T. 0.968 

390 4.09 38.14 1003.53 . F. .F. 0.968 
402 1. 25 39.31 14690.84 . T. .T. 1.000 
402 1.26 39.59 27030.84 .T. .T. 1.012 
408 1.15 42.49 947.50 .T. .T. 0.966 

c k408 0.83 43.11 248.39 .F. .F. 0.974 ,a..CJ 

408 1. 08 43.24 315.76 .T. .F. 0.979 
(k408 :L-.-i:t).41R44. 58 .;JO!.·'S" H7&:-t-4 .-F--.- .T. 1.015 • I 

424 1.12 43.15 279.11 . T. .F. 0.976 
0~ 424 1.30 44.20 291.87 . F. .T. 1.000 !LCJ 

436 1.07 44.19 19892.36 . T. .T. 1.000 
442 0.92 49.37 1015.24 .T. .T. 1.005 
458 0.80 49.24 1789.82 .T. .T. 1.000 
470 0.92 49.23 39097.05 . T. .T. 1.000 

*** Total *** 
*** 97.75 2164.8 358053.32 48.250 

B-42 
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03/20/88 

M880979I 
RAW MASS AND AREA DATA 

MASS AREA RET.TIME 

202 104.84 7.21 
202 54.75 7.36 
202 174.01 7.43 
202 90.19 8.08 
202 268.82 8.52 
202 322.68 9.00 
202 281.87 9.06 
202 52.90 9.16 
202 237.28 9.28 
202 160.90 9.34 
202 301.43 9.41 
202 511.73 9.53 
202 414.96 10.05 
202 85.27 10.28 
202 203.20 10.54 
202 228.41 11.07 
202 164.57 11.23 
202 99.39 11.31 
202 57.22 11.45 
202 100.23 12.03 
202 190.23 12.10 
202 174.63 12.25 
202 132.06 12.34 
202 159.58 12.50 
202 104.09 13.02 
202 122.18 13.31 
202 334.60 13.55 
204 97.06 7.26 
204 54.62 8.52 
204 94.15 9.00 
204 48.24 19.40 
204 64.99 19.56 
204 129.27 20.28 
204 126.28 20.38 
204 117.29 20.49 
204 483.83 22.54 
218 336.70 7.49 
218 443.36 7.58 
218 354.83 8.52 
218 319.62 9.06 
218 412.44 9.25 
218 283.85 9.32 
218 1058.92 9.55 
218 651.04 10.14 
218 455.09 10.40 
218 497.56 10.52 
218 436.10 11.07 
218 391.41 11.30 
218 461.63 12.01 
218 322.00 12.32 

B-43 



Page No. 2 
03/20/88 

M880979I 
RAW MASS AND AREA DATA 

MASS AREA RET.TIME 

218 852.63 12.45 
218 494.30 13.03 
218 335.05 13.13 
218 699.82 13.35 
220 551.22 7.18 
220 2385.24 7.48 
220 3987.12 7.59 
220 3072.03 8.17 
220 3999.27 8.34 
220 4075.13 8.53 
220 1431.44 9.06 
220 807. 13 9.25 
220 1288.35 9.32 
220 1170.07 9.43 
220 3645.39 9.55 
220 2251.08 10.14 
220 704.17 10.31 
220 1502.63 10.40 
220 2271.44 10.52 
220 2928.17 11.07 
220 3045.79 11.28 
220 2463.20 11.45 
220 2400.83 12.00 
220 2496.39 12.16 
220 2907.05 12.50 
220 3229.39 12.59 
220 1670.42 13.14 
220 4521.15 13.30 
220 3163.12 13.53 
220 1287.05 14.17 
220 2429.03 14.25 
220 3229.43 14.34 
220 2875.52 15.16 
220 1929.87 15.23 
220 3249.70 15.35 
220 1958.64 16.06 
220 2120.27 16.39 
220 1525.47 16.54 
220 2067.90 17.09 
220 1429.50 17.15 
220 4595.76 17.41 
220 887. 18 17.52 
220 1717.15 18.24 
220 2429.05 18.35 
220 1295.53 18.53 
220 2504.91 19.14 
220 3620.12 19.25 
220 4359.95 19.44 
220 6080.08 19.59 
220 4619.62 20.09 
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03/20/88 

M880979I 
RAW MASS AND AREA DATA 

MASS AREA RET.TIME 

220 4681.65 20.53 
220 8708.86 21.33 
220 5179.85 21.45 
220 5305.68 21.56 
220 4422.58 22.04 
220 5461.04 22.15 
220 4540.18 22.26 
220 3551.24 22.41 
220 4286.71 22.58 
220 4011.81 23.14 
220 5618.28 23.32 
220 4238.61 23.48 
220 1712.57 24.09 
220 2416.29 24.23 
220 1880.05 24.47 
220 2650.11 24.56 
220 2498.07 25.11 
238 44.66 11.11 
238 291.93 11.37 
238 74.67 11.49 
238 94.92 11.57 
238 378.34 12.08 
238 130.54 12.20 
238 95.15 12.28 
238 234.10 12.41 
238 210.80 12.54 
238 324.55 13.11 
238 339.46 13.20 
238 76.02 13.36 
238 291.74 13.44 
238 539.58 14.06 
238 113.33 14.20 
238 99.67 14.29 
238 116.01 14.39 
238 153.54 14.45 
238 69.08 14.58 
238 183.40 15.19 
238 148.77 15.28 
238 616.39 15.45 
238 262.05 15.56 
238 320.61 16.23 
238 46.07 16.35 
238 217.20 16.45 
238 287.95 16.59 
240 65.00 7.09 
240 59.57 7.19 
240 102.95 7.32 
240 218.76 7.50 
240 48.02 8.19 
240 127.51 8.43 
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03/20/88 

M880979I 
RAW MASS AND AREA DATA 

MASS AREA RET.TIME 

240 81.14 9.10 
240 67.34 9.21 
240 84.09 9.37 
240 112.66 9.56 
240 99.12 10.02 
240 56.40 10.13 
240 153.47 10.24 
240 55.95 10.37 
240 102.53 10.47 
240 122.39 10.56 
240 87.43 11.05 
240 268.05 11.23 
240 190.30 11.33 
240 293.01 11.49 
240 117.84 12.05 
240 58.70 13.49 
240 51.28 13.56 
240 65.98 14.07 
240 149.89 14.22 
240 111.99 15.08 
240 122.83 15.25 
240 80.79 15.38 
240 65.27 15.57 
240 187.06 16.19 
240 56.76 16.44 
240 174.91 16.56 
240 126.64 17.20 
240 163.18 17.30 
240 170.33 17.50 
240 99.81 17.59 
240 81.51 18.41 
240 141.75 19.00 
240 89.55 19.07 
240 85.13 19.15 
240 54.51 19.24 
240 91.50 19.47 
240 68.14 20.30 
240 202.66 20.36 
240 77.66 20.51 
240 80.39 21.03 
240 260.43 21.12 
240 126.42 21.24 
240 100.07 21.39 
240 229.25 21.55 
240 77.87 22.11 
240 77.22 22.19 
240 97.63 22.27 
240 316.41 23.00 
240 119.18 23.11 
240 50.19 23.39 
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M880979I 
RAW MASS AND AREA DATA 

MASS AREA RET.TIME 

240 81.54 23.53 
240 45.12 24.13 
240 158.75 24.28 
240 72.53 24.40 
240 107.97 25.00 
240 98.90 25.16 
252 2640.81 7.22 
252 2039.93 7.33 
252 1037.97 7.45 
252 1118.07 7.51 
252 584.12 8.05 
252 577.77 8.12 
252 536.23 8.21 
252 849.34 8.28 
252 1024.86 8.43 
252 265.94 8.56 
252 259.25 9.02 
252 913.47 9.17 
252 359.48 9.28 
252 587.76 9.39 
252 1107.76 9.45 
252 728.30 10.00 
252 1107.11 10.13 
252 1689.20 10.26 
252 776.85 10.35 
252 843.40 10.45 
252 491.71 10.57 
252 282.18 11.03 
252 344.04 11.12 
252 408.42 11.19 
252 1089.63 11.37 
252 265.54 11.49 
252 274.12 11.56 
252 776.38 12.09 
252 128.07 12.27 
252 118.15 12.35 
252 135.49 12.42 
252 296.46 12.53 
252 403.92 13.10 
252 594.88 13.20 
252 287.50 13.37 
252 594.17 13.45 
252 744.54 14.05 
252 697.65 14.13 
252 418.48 14.21 
252 288.48 14.29 
252 1004.52 14.45 
252 1919.20 14.57 
252 321.70 15.19 
252 563.09 15.27 
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03/20/88 

M880979I 
RAW MASS AND AREA DATA 

MASS AREA RET.TIME 

252 609.84 15.42 
252 584.66 15.49 
252 752.69 15.55 
252 1386.80 16.18 
252 656.24 16.34 
252 1047.01 16.45 
254 75.78 12.08 
254 56.51 16.50 
254 45.85 19.50 
254 89.86 21.16 
254 65.76 21.24 
254 44.69 21.41 
254 69.28 24.14 
254 56.42 24.43 
270 330.63 20.37 
270 241.91 20.57 
270 287.79 21.21 
270 533.44 21.45 
270 347.50 22.06 
270 288.89 22.29 
270 388.66 22.39 
270 83.69 22.56 
270 366.50 23.08 
272 248.54 20.37 
272 281.41 20.57 
272 255.23 21.21 
272 410.69 21.46 
272 327.42 22.06 
272 272.53 22.29 
272 386.41 22.39 
272 95.93 22.56 
272 334.35 23.08 
286 10.00 10.00 
288 10.00 11.00 
304 99.51 25.51 
304 70.24 26.06 
304 1023.85 26.26 
304 564.69 26.42 
304 558.18 27.07 
304 356.81 27.25 
304 352.10 27.41 
304 224.85 28.03 
304 462.36 28.31 
304 194.57 28.58 
304 117.57 29.12 
304 23.59 30.18 
306 147.01 25.51 
306 101.36 26.06 
306 1386.52 26.26 
306 782.94 26.42 
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M880979I 
RAW MASS AND AREA DATA 

MASS AREA RET.TIME 

306 760.30 27.07 
306 559.02 27.26 
306 652.09 27.43 
306 363.57 28.03 
306 191.56 28.18 
306 659.31 28.31 
306 254.44 28.57 
306 142.34 29.11 
306 39.83 29.26 
306 328.30 34.38 
316 163.96 28.01 
316 18912.34 28.28 
316 104.85 29.16 
316 296.60 30.23 
316 133.14 31.52 
318 239.79 28.02 
318 24117.32 28.28 
318 192.77 28.55 
318 410.42 30.23 
320 56.44 28.01 
320 51.21 28.28 
320 31.51 29.10 
322 29.54 26.39 
322 53.20 28.01 
328 31249.63 29.17 
332 106.55 26.06 
332 200.25 27.06 
332 135.51 27.19 
332 149.61 27.48 
332 111.85 28.18 
332 267.30 28.42 
332 11036.93 29.02 
332 15561.16 29.16 
332 147.35 30.09 
332 168.63 30.20 
332 567.00 31.56 
334 13652.19 29.02 
334 19489.10 29.16 
334 217.78 34.38 
338 121.54 30.42 
338 121.52 31.56 
338 677.50 32.05 
338 125.90 32.17 
338 146.37 32.49 
338 27.87 33.04 
338 106.83 33.12 
338 67.70 33.24 
338 94.09 33.34 
338 127.72 34.10 
338 110.52 34.21 
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M880979I 
RAW MASS AND AREA DATA 

MASS AREA RET.TIME 

340 161.21 30.41 
340 223.54 31.56 
340 1092.53 32.05 
340 214.87 32.17 
340 214.92 32.48 
340 262.69 33.11 
340 116.83 33.25 
340 182.20 33.35 
340 200.29 34.10 
340 163.86 34.21 
354 41.97 32.13 
356 57.14 32.13 
366 5304.49 34.37 
368 8598.29 34.37 
374 94.09 36.44 
374 47.76 36.48 
374 454.22 36.59 
374 71.67 37.05 
374 23.75 37.16 
374 75.01 37.25 
374 45.69 37.29 
374 73.47 37.37 
374 59.74 37.40 
374 56.93 37.45 
374 82.34 37.57 
374 432.59 38.13 
374 238.62 38.23 
374 69.00 38.44 
374 64.86 38.52 
374 70.98 38.58 
374 119.25 39.06 
374 160.48 39.14 
374 113.08 39.25 
374 47.31 39.30 
374 32.87 39.33 
374 28.82 39.36 
374 49.79 39.38 
374 31.07 39.43 
374 40.44 39.47 
374 35.14 39.52 
374 67.75 39.55 
374 126.62 40.03 
374 42.43 40.07 
374 102.95 40.13 
374 79.86 40.18 
374 82.23 40.21 
374 116.41 40.29 
374 74.81 40.34 
374 54.53 40.37 
374 146.87 40.45 

B-50 



Page No. 9 
03/20/88 

M880979I 
RAW MASS AND AREA DATA 

MASS AREA RET.TIME 

374 99.42 40.54 
374 26.40 40.58 
374 59.74 41.01 
374 93.08 41.04 
374 42.17 41.08 
374 162.42 41.15 
374 41.02 41.22 
374 39.34 41.30 
374 24.47 41.41 
374 22.91 41.43 
374 28.72 41.48 
376 49.07 36.45 
376 22.13 36.48 
376 381.46 36.58 
376 228.71 38.14 
376 130.53 38.25 
376 70.31 39.12 
386 20130.90 38.14 
388 16197.32 38.14 
390 806.21 38.14 
390 28.56 38.35 
392 197.32 38.14 
392 41.88 38.32 
402 8174.81 39.31 
402 15050.90 39.59 
404 6516.03 39.31 
404 11979.94 39.59 
408 507.36 42.49 
408 112.41 43.11 
408 163.84 43.24 
408 90.31 44.58 
410 440.14 42.49 
410 135.98 43.12 
410 151.92 43.24 
410 75.83 44.57 
410 1737.53 49.23 
424 147.70 43.15 
424 164.81 44.20 
426 131.41 43.15 
426 127.06 44.20 
436 10290.77 44.19 
438 27.46 43.14 
438 9601.59 44.19 
438 66.69 49.08 
438 935.22 49.24 
442 487.16 49.37 
444 528.08 49.37 
458 797.77 49.24 
460 992.05 49.24 
470 18721.29 49.23 

R-51 



Page No. 10 
03/20/88 

M880979I 
RAW MASS AND AREA DATA 

MASS AREA RET.TIME 

472 20375.76 49.23 
*** Total *** 
**** 577789.81 10089.44 



.~ 18-IR-88 19:E( !( CEI•) Sus:Ee5 
~ 4 A: 448.9761 B: 487.7817 C: 489.7788 O: 423.7iSS E= 425.7737 
I~ :SAifi.E 12 TLII2191 

B-53 

1.88 
63723 

1.88 
3135 

1.88 
41979 



f.Wd8979 18-R-88 19:52 71: CEI•) 5t!s:[85 
GR 2 A: 292.9825 8: 383.9816 C: 305.8987 O: 315.9419 E: 317.9389 
Text:SARPL£ 12 TLII2191 

108 E S1,Il,G2 

50 

0~~~~~~~~~~~~~~ 
109 H 1,Il,G2 

50 

0~~~~~~~~~~~~~~ 
199 I 1,Il,G2 

58 

8~~~~~~~~~~~~~~ l;r 1,!1.~ 

I I I I I I I I I 5 I 5 I I I I I 5 '.! I I 

~:~ ~:99 J:i ~=· 34=99 J:99 

1.99 
~1 

1.99 
3268 

1.99 
161 



ms,s8979 18-R-88 19:52 i9E <EI•) ~:005 
4 A: 448.9761 B: 487.7817 C: 489.7788 O: 423.7766 E= 425.7737 

:d:SFI'flE 12 TLII2191 

I I I I I I I I I I 

.J. ... '"" 
·~ri,Il,G4l 

;r\,!t,G4 I ' ' I 

()=I I I I I I I 

'"'I" "I ,,,,,l,,,,, ,, 

R-55 

1.88 
4197 

1.88 
3461 

1.1 
1697 

1.1 
2534 



rme979 18-IR-88 19:52 II: CEI•) St,s:OB5 
GR 2 A: 292.9825 B: 393.9816 C: 385.8987 O: 315.9419 E: 317.9389 
Text : SffFLE 12 TLI 12191 

100 B 51 11 ,02 

58 

B-56 

1.(19 
216 

1.(19 
25.8265 

1.(19 
158 

1.(19 
17.7219 



-~ 18-IR-88 19=52 i8E CEI•) St.!s=te5 
t 4 A: 448.9781 B: 487.7817 C= 489.i788 D: 423.7766 E: 425.7737 

,m:Sfffi.E 12 TLII2191 

-ti D Sl,Il,G4 

.9~¢~: 
1~ J Sl ,11 ,G4 

:e~t'!·- .. :·~:·~ 
1891 L 51 , 11 ,G4 

. · eL ... ==·T ··-·-..p·-... .,= ........ i,. , ........ .. P I 4 I ~ 

«=I ~=89 ~=I ~=i 52=1 

B-57 

1.98 
139 

1.1 
1$ 

1.88 
E&l 

1.1 
43.7889 

1.88 
73.8234 

1.98 
144 



"889979 18-"RR-88 SLr=Voltage /HE Sys: DBS 
SaRple 1 InjectLon 1 Group 1 Mass 292.8186 
Text=SR"PLE 12 TLII2191 

Nor~= 2417 

9~==~~==~~~~~~~==~~~~~~~~~~ 

188 

7=29 9=19 11=99 
M8B9979 18-"AR-BB 
Sa~ple 1 InjectLon 1 
Text=SR"PLE 12 TLII2191 

12=59 14=49 16=39 
SLr=Voltage 79E Sys= 085 
Group 1 "ass 284.8157 

18=29 29:19 22=99 23=59 

Nor111: 122 

8~~~~~~~~~~~~~~~~~~~~~ 

19 

7=29 9=19 11=99 
"888979 18-"AR-BB 
Sa~ple 1 InjectLon 1 
Text=SA"PLE 12 TLII2191 

12=59 14=49 16=39 
SLr=Voltage 78E Sys: DB5 

Group 1 "ass 218.9135 

18=29 29= 19 22=99 23=59 

9~~--~--~----~--~~--~~~--~~--~----~---
7=29 9=19 11=99 12=59 14=49 16=39 18=29 29=19 22=99 23=59 
M889979 18-"AR-88 SLr=Voltage 79E Sys= 085 
Sa~ple 1 InjectLon 1 Group 1 "ass 229.9196 
Text=SA"PLE 12 TLII2191 

0 
7=29 9:19 11=99 12=59 14=49 16=39 19=29 29:19 22=98 23=59 
"989979 18-"AR-BB SLr=Voltage 79E Sys= 085 
Sa111ple 1 Injectlon 1 Group 1 Mass 235.9796 
Text=SA"PLE 12 TLII2191 

18 ~~ 
B-58 

9 
7=29 9:19 11:99 12=59 14=49 16=39 18=29 29:19 22=99 23:58 

L " 



ft8B9979 18-ftAR-BB Str=Voltage 70E Sys= 085 
Sa~ple 1 lnjectLon 1 Group 1 "ass 237.9767 
Text=SAftPLE 12 Tlll2191 

' 0 ..&....r------r-----r-...--~--r------r-----..--r------r--.--,..----r------
7=29 9=19 11=99 12=50 14=49 16=39 18=20 29:19 22=09 23=59 
ABB9979 18-ftAR-BB Str=Voltage 79E Sys= 085 

, Sa~ple 1 InjectLon 1 Group 1 Mass 239.9738 
- Text=SAftPLE 12 TLII2191 

18 

'0~---~--~---~--~---~---~--~----r------r--~ 
7=29 9= 19 11=99 12=50 14=49 16=39 18=20 29=19 22=99 23=59 
ft888979 18-ftAR-88 SLr=Voltage 78E Sys= 085 

. . Sa111ple 1 InjectLon 1 Group 1 ftass 251.9745 
Text=SAAPLE 12 TLII2191 

9 
7:28 9:19 11=09 12=59 14=49 16=39 18=28 29:19 22=00 23=59 
ft888979 18-ftAR-88 SLr=Voltage 70E Sys= 085 
Sa111ple 1 lnjectLon 1 Group 1 Mass 253.9716 
Text=SA"PLE 12 TLII2191 

f99 Nor14: 57 

~ 
-e 

7=28 9:19 11=98 12=58 14=49 16=39 18=29 29= 19 22=00 23=59 
MB88979 18-ftAR-88 SLr=Voltage 79E Sys= 085 
Sa111ple 1 Injectlon 1 Group 1 "ass 254.9856 
Text=SA"PLE 12 TLII2191 

88 

B-59 

9:19 11=99 12=58 14=49 16=39 18:29 29=18 22=88 23=59 



ft889979 18-ftAR-88 SLr=Voltage 79E Sys= 085 
Sa~ple 1 InjectLon 1 Group 1 Mass 269.9496 
Text=SAftPLE 12 TLII2191 

19 Nor111= 89 

9~~~~~~~~~~~~~~~~~~~~~~~ 
7=29 9:19 11 =99 
ft889979 18-ftAR-BB 
Sa~ple 1 InjectLon 1 
Text=SAftPLE 12 TLII2191 

12=59 14=49 16=39 
SLr=Voltage 79E Sys: DB5 
Group 1 ftass 271.9377 

18=29 29:19 22=99 23=59 

88 

a~~~~~~~~~~~~~~~~~~~~~~~~~~ 
7=29 9=19 11=99 12=59 14=49 16=39 18=29 28=19 22=89 23=59 
ft888979 18-ftAR-88 SLr=Voltage 78E Sys= 085 
Sa~ple 1 InjectLon 1 Group 1 Mass 285.9355 
Text=SAftPLE 12 TLII2191 

199 

3~----~--~----~--~----~--~----~~~----~---

189 

9 

188 

9 

7:29 9:18 11 =98 
ft888979 18-ftAR-88 
Sa~ple 1 lnjectLon 1 
Text=SAftPLE 12 TLII2191 

7=29 9:18 11=98 
ftBB8979 18-ftAR-88 
Sa~ple 1 InjectLon 1 
Text=SAftPLE 12 TLII2191 

7=29 9:19 11=98 

12=58 14=48 16=39 18=28 29:19 22=98 23=59 
SLr=Voltage 79E Sys= 085 

Group 1 Mass 287.9326 

18 

12=59 14=49 16=38 18=28 28:18 22=99 23=59 
SLr=Voltage 79E Sys= 085 

Group 1 Mass 385.9288 

B-60 
Hor111: 11 

~ 
12=58 14=48 16=39 18=29 29:19 22=88 23=58 



·199 
,89 
·69 
.49 
-29 

"889979 18-"AR-88 SLr=Voltage 79E Sys= 085 
Sa~ple 1 lnjectLon 1 Group 2 "ass 393.9016 
Text=SAftPLE 12 TLII2191 

Nor111: 216 

__ a~~~~~~~~~~~~~~~~~~~~~~~~~-
25=49 26=59 28=99 29=19 39=29 31=39 32=48 33=59 35=99 36=19 

"889979 18-"AR-88 SLr=Voltage 79E Sys: 085 
SaRple 1 InjectLon 1 Group 2 ftass 395.8987 

. . Text=SAftPLE 12 TLII2191 

19 
·a a 
'69 
'49 
'29 

Nor~= 397 

·8~~~~~~~~~~~~~~~~~~~~~~~~--~~ 

69 
~9 

29 

25=49 26=59 28=99 29=19 39=29 31=39 32=49 33=59 35=99 36=19 
"889979 18-ftAR-BB SLr=Voltage /HE Sys= 085 
SaRple 1 InjectLon 1 Group 2 ftass 315.9419 
Text=SA"PLE 12 TLII2191 

Hor~: 4498 

9~~--~----~~~----~--~----~--------~--~---

,gg 
qe 
38 
49 
~8 

25=48 26=59 28=99 29=19 39=29 31=39 32=49 33=59 35=00 36=19 
ftB88979 18-"AR-88 SLr=Voltage 79E Sys= 085 
SaRple 1 InjectLon 1 Group 2 "ass 317.9389 
Text=SA"PLE 12 TLII2191 

Nor111: 5654 

B-6J. 

.0~~--~~--~~~----~--~----~--------~--~---25=49 26=59 28=99 29=19 39=29 31=39 32=49 33=59 35:99 36=19 



"889979 18-"AR-89 SLr=Voltage 78E Sys= 085 
Sa~ple 1 InjectLon 1 Group 2 Mass 319.8965 
Text=SA"PLE 12 TLII2191 

199 Nor111= 25 

9 
25=49 26=59 28=99 29= 19 39=29 31 =39 32=49 33=59 35=09 36:19 

M989979 18-ftAR-98 SLr=Voltage 79E Sys= 085 
Sa~ple 1 Injection 1 Group 2 "ass 321.8936 
Text=SA"PLE 12 TLII2191 

18 Nor111= 21 

a 
25=49 26=59 28=99 29= 19 38=28 31=39 32=48 33=58 35=99 36:19 

MBB8979 18-"AR-88 Si.r=Voltage 78E Sys= DB5 
Sa~ple 1 Injection 1 Group 2 ftass 327.8847 
Text=SA"PLE 12 TLII2191 

19 Nor111= 6821 

9 
25=49 26=59 28=88 29= 19 39=29 31=38 32=48 33=59 35=98 36:19 

ABB8979 18-"AR-BB Si.r=Voltage 79E Sys= 085 
Sa~ple 1 Injection 1 Group 2 Mass 331.9368 
Text=SA"PLE 12 TLII2191 

10 Nor111= 3268 

B 
25=48 26=58 28=98 29= 18 38=28 31=38 32=48 33=58 35=99 36:18 

M888979 18-"AR-88 SLr=Voltage 79E Sys= DB5 
Sa111ple 1 Injection 1 Group 2 Mass 333.9338 
Text=SA"PLE 12 TLII2191 

188 Nor111= 4235 

B-62 

ij 

25:48 26=58 28=89 29= 18 38=28 31=38 32:48 33:58 35=88 36:18 



ft889979 18-"AR-88 5Lr=Voltage 79E Sys: DBS 
Sa~ple 1 InjectLon 1 Group 2 "ass 337.8626 
Text=SA"PLE 12 TLII2191 

Nor"= 158 

89 

'68 

29 

-8~~~~~~~~~~~~~~~~~~~~~~~~ 
25=49 26=59 28=99 

"888979 18-"AR-BB 
' Sa~ple 1 InjectLon 1 

Text=SAftPLE 12 TLII2191 

19 

68 

29=19 39=29 31=39 
5Lr=Voltage 79[ Sys= DBS 

Group 2 "ass 339.8597 

32=49 33=59 35=99 36:19 

NorPr= 253 

B~~~~~~~~~~~~~=~~·-~~=~~~~~~~~~~~ 
. 25=49 26=58 28=99 29=19 39=28 31=39 32=48 33=59 35=88 

"888979 18-"AR-88 SLr=Voltage 79E Sys= DBS 
Sa~ple 1 InjectLon 1 Group 2 "ass 497.8983 
Text=SAftPLE 12 TLII2191 

Nor~= 7 

89 

68 

48 

26: 58 28: 88 29: 19 38: 29 31=38 32=48 33:58 35=89 36:10 



199 
89 
69 
49 
29 

ft889979 18-ftAR-88 Str=Uoltage 79E Sys= DB5 
Sa~ple 1 Injectton 1 Group 2 ftass 353.8575 
Text=SAftPLE 12 TLII2191 

Nor111= 18 

9~-------~~~-------~----~~-----~~~-------~-------~~~-
25=49 26=59 28=89 

19 
89 
68 
49 
29 

ft889979 18-ftAR-88 
Sa~ple 1 lnjectton 1 
Text=SAftPLE 12 TLII2191 

29=19 38=29 31=39 
Str=Uoltage 79E Sys= DB5 

Group 2 ftass 355.8546 

32=48 33=59 35=99 36:19 

NorPI= 29 

8~-------~~~-------~-------~-------~~~-----~-----~~~-
25=49 26=59 28=99 

18 
88 
69 
49 
28 

ft889979 18-ftAR-88 
Sa~ple 1 lnjectton 1 
Text=SAftPLE 12 TLII2191 

29=19 39=28 31=38 32=49 33=59 35=88 36:19 
Str=Uoltage 79E Sys= DB5 
Group 2 ftass 365.8977 

1838 

9~----~--~----~----~----~---¥----~--~~--~-25=49 26=59 28=99 

19 
89 
68 
48 

ftBB9979 18-ftAR-88 
Sa~ple 1 Injectton 1 
Text=SAftPLE 12 TLII2191 

29=19 39=29 31=39 
Str=Voltage 79E Sys= 085 

Group 2 ftass 367.8948 

29 B-64 

32=49 33=59 35=99 36:19 

1698 

9~----~--~----~----.---~~--~----~--~~--~-25=49 26=59 28=99 29=19 38=29 31=39 32=49 33=59 35=98 36=18 



ftBB9979 18-ftAR-88 SLr=Uoltage /BE Sys= OB5 
Sa~ple 1 InjectLon 1 Group 3 Mass 373.8297 
Text=SAftPLE 12 TLII2191 

Nor"= 139 

37=88 37=39 38=89 38=39 39=99 39=39 49=99 49=39 41=80 41=38 42=89 
ft889979 18-ftAR-BB SLr=Voltage 79E Sys= 085 

- Sa~ple 1 InjectLon 1 Group 3 ftass 375.8178 
· Text=SAftPLE 12 TLII2191 

188 Nor"= 88 

'8 ~ 

37=99 37=39 38=89 38=39 39=90 39=39 49=99 48=39 41=08 41:33 42=98 
ft888979 18-ftAR-88 SLr=Voltage 78E Sys= OBS 
Sa~tple 1 Injectlon 1 Group 3 Mass 385.8699 
Text=SAMPLE 12 TLII2191 

1.9 Nor~= 4197 

9 
37=88 37=39 38=99 38=38 39=89 39=39 49=99 48=38 41=00 41=30 42=90 

M888979 18-MAR-88 SLr=Uoltage 79E Sys= OB5 
Sa~tple 1 Injectlon 1 Group 3 Mass 387.8589 
Text=SAftPLE 12 TLII2191 

!99 NorPl= 3343 

9 
37=98 37=39 38=89 38=39 39=99 39=38 49=99 49=39 41 =99 41 =39 42=09 

M889979 18-ftAR-88 SLr=Voltage 79E Sys= OB5 
Sa'lple 1 Injectlon 1 Group 3 Mass 443.7584 
Text=SAftPLE 12 TLII2191 

88 Nor~: 17 

37=99 37=39 38=98 38=38 . 39=99 39:39 48=99 48:39 41=00 41:39 42=99 



19 
89 
69 
49 
29 

188 
89 
69 
49 
29 

i88 
89 
69 
49 
29 

29 

ft889979 18-ftAR-88 SLr=Voltage 79E Sys= OBS 
Sa~ple 1 InjectLon 1 Group 3 ~ass 389.8156 
Text=SAftPLE 12 TLII2191 

Nor~: 196 

37=99 37=39 38=99 38=39 39=99 39=39 49=99 49=39 41=88 41=39 42=99 
ft889979 18-ftAR-88 SLr=Voltage 79E Sys= DBS 
Sa~ple 1 InjectLon 1 Group 3 ftass 391.8127 
Text=SAftPLE 12 TLII2191 

Nor~= 51 

37=99 37=39 38=99 38=39 39=99 39=39 49=99 49=39 41=88 41=38 42=99 
"888979 18-ftAR-88 SLr=Voltage 7HE Sys= DBS 
Sa~ple 1 InjectLon 1 Group 3 ftass 481.8558 
Text=SAftPLE 12 TLII2191 

3461 

37=99 37=39 38=99 38=39 39=99 39=39 49=99 49=39 41:99 41=39 42=99 
ftBB9979 18-ftAR-88 SLr=Uoltage 79E Sys= DBS 
Sa~ple 1 InjectLon 1 Group 3 Mass 493.8529 
Text=SAftPLE 12 TLII2191 

Nor~= 2754 

B-66 

9~--~--~~~----~~~--~~~~~~--~----~--~ 37=99 37=39 38=99 38=39 39=99 39=39 49=89 49=38 41=88 41=39 42=88 



MBB9979 18-MAR-BB SLr=Voltage 79E Sys= 085 
Sa111ple 1 Injecti.on 1 Group 4 "ass 497.7817 
Text=SAftPLE 12 TLII2191 

'18 Nor111= 559 

88 

$9 

,49 

'28 

,ij 

43:19 44=29 45:39 46:49 47:59 49:99 59:19 51 =29 52=39 
ftBB9979 18-MAR-BB SLr:Voltage 78E Sys: 085 

- ' Sa111ple 1 Injecti.on 1 Group 4 Mass 499.7788 
Text=SAftPLE 12 TLII2191 

189 Nor~= 392 

88 

)9 
-' 

J9 

29 

'Q 

43:19 44:29 45:39 46:49 47:59 49:89 58:19 51 =29 52:38 
MBB9979 18-MAR-BB SLr:Uoltage 78E Sys: 085 
Sa111ple 1 Injecti.on 1 Group 4 Mass 477.7298 
Text:SA"PLE 12 TLII2191 

',9 Nor111= 31 

88 

o9 

·8 
B-67 

~e 

3 
43:18 44=28 45:39 46:48 47=59 49=89 59:19 51 =28 52:39 



"888979 18-ftAR-88 SLr=Voltage /8E Sys= 085 
Sa111ple 1 Injectlon 1 Group 4 Mass 423.7/66 
Text=SAftPLE 12 TLII2191 

188 Nor111= 44 
89 
69 
49 
29 
8 

43= 18 44:29 45=39 46:49 47=59 49=99 59:19 51 =29 52=39 
ft888979 18-ftRR-BB SLr=Voltage 78E Sys= 085 
Sa111ple 1 lnjectlon 1 Group 4 "ass 425.7737 
Text=SRftPLE 12 TLII2191 

19 Nor~~t= 32 
89 
69 
49 
29 
8 

43:19 44=29 45=39 46=49 47=59 49=99 59:19 51 =29 52=39 
ft889979 18-ftAR-88 SLr=Voltage 79E Sys= 085 
Sa111ple 1 Injectlon 1 Group 4 ftass 435.8169 
Text=SRftPLE 12 TLII2191 

188 Nor111= 1697 
89 
69 
49 
29 
9 

43= 19 44=29 45=39 46=49 47:59 49=99 59:18 51 =29 52=39 
ftBB9979 18-ftAR-88 5Lr=Voltage 78[ Sys= 085 
Sa111ple 1 Injectlon 1 Group 4 ftass 437.8139 
Text:SRftPLE 12 TLII2191 

199 Hor111= 1689 
88 
68 
48 
28 B-68 

9 
-

43= 19 44:29 45=39 46:49 47=58 49=99 58= 19 51 =29 52=39 



"889979 18-"AR-88 SLr=Uoltage 79E Sys= OBS 
Sa~ple 1 InjectLon 1 Group 4 Mass 441.7428 
Text=SA"PLE 12 TLII2191 

89 

,49 

43=19 44=29 45=39 46=49 47=59 
"889979 18-"AR-88 SLr=Voltage 79E Sys= DBS 

· " Sa~ple 1 InjectLon 1 Group 4 "ass 443.7399 

.. 

199 

89 

68 

.18 

Text=SA"PLE 12 TLII2191 

43:19 44=29 
"889979 18-"AR-BB 
Sa~ple 1 InjectLon 1 
Text=SA"PLE 12 TLII2191 

45=39 46=49 47=59 
SLr=Uoltage 79E Sys= 085 
Group 4 "ass 511.6819 

Nor~: 74 

49=99 58:19 51 =20 52=39 

Nort~~= 91 

49=99 59= 19 51 =29 52=39 

Nor111: 6 

··8~--~----~----~----~--~--~~--~~~--~----~ 52=39 B-
69 

45=39 46=49 47=58 49=88 59= 19 51:20 



nBB9979 18-nAR-98 SLr=Voltage 79E Sys= DBS 
Sa"ple 1 Injectlon 1 Group 4 "ass 457.7377 
Text=SAftPLE 12 TLI12191 

19 Nor111= 144 
89 
69 
49 
29 
9 

43=19 44=29 45=39 46=49 47=59 49=99 59:19 51=20 52=39 
ft889979 18-ftAR-BB SLr=Voltage 79E Sys= 085 
Sa"ple 1 InjectLon 1 Group 4 ftass 459.7347 
Text=SAftPLE 12 TLII2191 

19 Nor111= 161 

8 
43:19 44=29 45=39 46=49 47=59 49=99 59:19 51 =29 52=39 

ft8B9979 18-ftAR-88 SLr=Voltage 79E Sys= DB5 
Sa"ple 1 lnjectlon 1 Group 4 ftass 469.7779 
Text=SAftPLE 12 TLII2191 

188 Nor111= 2534 
89 
69 
49 
29 
9 

43:19 44=29 45=39 46=49 47:59 49=99 59= 19 51 =29 52=39 
M889979 18-ftAR-BB 5Lr=Voltage 79E Sys= OBS 
Sa"ple 1 Injectlon 1 Group 4 "ass 471.7759 
Text=SAftPLE 12 TLII2191 

Nor111= 2837 

68 
49 
29 B-70 

9 
43= 19 44=29 45=39 46=49 47=59 49=99 59= 19 51=20 52=39 



,·:.·· .-1::•:. I ~ 

~:~--:: : 
1.:.: t -, 

B-71 



M880878 18-MAR-88 18:52 70E 
I~D 0 1 ~~~ a~~~ v. ~~~ n~~~ _,r;: 1.. ·- : .,:..,:a.,j I ·J·~··~II~ r·.. . .~a.,:a,.•' I CaoCca 

Text:SAMPLE #2 TLI#2191 

·'"l··a ',•ll7-i 
·JC .. ~( 

([I+) 
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TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: JJ 
03/16/88 

FILE NAME: M880956 
SAMPLE #3 
ENTROPY 
8802191 

CONCAL: M880949 

DATE: SAMPLE ID: 
CASE NO: 
PROJ NO: 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

TOTAL MCDD ND 0.008 
TOTAL DCDD 1.481 1 1. 61 
TOTAL TRICDD 4.034 5 1. 05 
2378-TCDD 0.762 0.82 29.19 
TOTAL TCDD 9.417 13 0.80 
12378-PCDD 1.141 0.68 34.40 
TOTAL PCDD 9.681 12 0.66 
123478-HxCDD 1.013 1. 34 39.26 
123678-HxCDD 1. 654 1.10 39.33 
123789-HxCDD 3.291 1. 19 40.01 
TOTAL HxCDD 15.985 6 1. 23 
1234678-HpCDD 8.572 1. 09 44.22 

TOTAL HpCDD 17.286 2 1. 08 
OCDD 21.374 0.90 49.26 

TOTAL MCDF 0.197 1 2.77 
TOTAL DCDF 12.417 6 6.15 
TOTAL TRICDF 95.004 1 1 1. 04 
2378-TCDF 13.800 0.78 28.33 

TOTAL TCDF 101.183 15 0.78 
12378-PCDF 4.014 0.61 33.15 

23478-PCDF 3.991 0.60 34. 11 

TOTAL PCDF 50.947 13 0.60 
123478-HxCDF 9.361 1. 13 38.17 
123678-HxCDF 5.603 1. 12 38.26 

234678-HxCDF 4.912 1. 19 39.14 

123789-HxCDF 0.399 1. 21 40.23 

TOTAL HxCDF 52.443 12 1. 17 
1234678-HpCDF 11.809 1. 00 42.52 

1234789-HpCDF 1.392 0.92 45.01 

TOTAL HpCDF 19.428 4 0.96 
OCDF 6.130 0.85 49.38 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

10.84 
9.03 

14.35 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

108.40 
90.30 

143.50 

RATIO 

0.83 

1. 22 

RT 

28.31 
29.19 
38.16 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % REC. RATIO RT 

2378-13C12-TCDD 9.98 99.80 0.78 29.18 

13C12-PCDD 13.66 136.60 0.61 34.40 
13C12-HxCDD 8.08 80.80 1. 35 39.33 

13C12-HpCDD 10.97 B-76 109.70 1. 06 44.21 
13C12-0CDD 18.35 91.75 0.93 49.24 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: EW 
03/18/88 

FILE NAME: M880978 
SAMPLE #4 
ENTROPY 
8802191 

CONCAL: M880971 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

---------------------------------------------------------------------------
TOTAL MCDD ND 0.005 
TOTAL DCDD ND 0.010 
TOTAL TRICDD ND 0.028 
2378-TCDD ND 0.008 
TOTAL TCDD ND 0.057 3.98 
12378-PCDD ND 0.013 
TOTAL PCDD ND 0.013 
123478-HxCDD ND 0.015 
123678-HxCDD ND 0.015 
123789-HxCDD ND 0.018 
TOTAL HxCDD ND 0.456 5.20 
1234678-HpCDD 0.050 1. 13 44.21 
TOTAL HpCDD 0.050 1 1. 13 
OCDD 1.364 0.79 49.24 
TOTAL MCDF ND 0.005 
TOTAL DCDF ND 0.015 
TOTAL TRICDF 1.056 6 1. 06 
2378-TCDF 0.134 0.84 28.32 
TOTAL TCDF 0.870 8 0.75 
12378-PCDF 0.032 0.70 33.14 
23478-PCDF ND 0.025 0.96 
TOTAL PCDF 0.230 3 0.68 
123478-HxCDF ND 0.010 
123678-HxCDF ND 0.008 
234678-HxCDF ND 0.010 
123789-HxCDF ND 0.015 
TOTAL HxCDF ND 0.010 
1234678-HpCDF 0.047 0.93 42.51 
1234789-HpCDF ND 0.010 
TOTAL HpCDF 0.082 2 0.90 
OCDF ND 0.102 0.71 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

8.49 
8.48 

13.02 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

84.90 
84.80 

130.20 

RATIO 

0.78 

1. 26 

RT 

28.29 
29.18 
38.15 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % REC. RATIO RT 

2378-13C12-TCDD 9.08 90.80 0.80 29.17 
13C12-PCDD 7.87 78.70 0.62 34.38 
13C12-HxCDD 7.15 71.50 1. 26 39.32 
13Cl2-HpCDD 10.48 B-77 104.80 1. 04 44.20 
13C12-0CDD 18.55 92.75 0.92 49.23 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: LD 
03/17/88 

FILE NAME: M880961 
SAMPLE #5 
ENTROPY 
8802191 

CONCAL: M880960 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

---------------------------------------------------------------------------
TOTAL MCDD ND 0.018 
TOTAL DCDD 3.158 1 1. 65 
TOTAL TRICDD 5.838 3 1. 10 
2378-TCDD 0.429 0.80 29.18 
TOTAL TCDD 6.347 13 0.80 
12378-PCDD 0.590 0.57 34.40 

TOTAL PCDD 6.414 9 0.62 
123478-HxCDD 0.653 1. 33 39.26 

123678-HxCDD 0.990 1. 28 39.33 

123789-HxCDD 1. 665 1. 20 40.01 

TOTAL HxCDD 14.370 7 1. 30 
1234678-HpCDD 5.610 1. 05 44.21 

TOTAL HpCDD 11.435 2 1. 04 
OCDD 10.911 0.90 49.25 

TOTAL MCDF 1. 826 3 3.15 
TOTAL DCDF 71.747 7 6.16 
TOTAL TRICDF 127.883 11 1. 06 
2378-TCDF 7.899 0.71 28.33 

TOTAL TCDF 64.648 13 0.74 

12378-PCDF 3.294 0.60 33. 14 

23478-PCDF 2.793 0.55 34. 11 

TOTAL PCDF 41.887 12 0.60 
123478-HxCDF 6.350 1. 17 38.15 

123678-HxCDF 3.201 1. 16 38.26 

234678-HxCDF 2.885 1. 28 39.14 

123789-HxCDF ND 0.073 
TOTAL HxCDF 30.916 7 1. 24 
1234678-HpCDF 7.099 1. 02 42.51 

1234789-HpCDF 0.492 0.95 45.00 

TOTAL HpCDF 11. 068 4 0.95 
OCDF 2.017 0.87 49.38 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

10.80 
9.60 

15.99 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

108.00 
96.00 

159.90 

RATIO 

0.77 

1. 23 

RT 

28.31 
29.18 
38.15 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

2378-13C12-TCDD 
13C12-PCDD 
13C12-HxCDD 
13C12-HpCDD 
13C12-0CDD 

AMT (ng) 

7.55 
7.32 
8.37 
9.59 

12.83 
B-78 

% REC. 

75.50 
73.20 
83.70 
95.90 
64.15 

RATIO 

0.80 
0.63 
1. 28 
1. 09 
0.88 

RT 

29.17 
34.39 
39.32 
44.21 
49.24 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: EW 
03/18/88 

FILE NAME: M880977 
SAMPLE #6 
ENTROPY 
8802191 

CONCAL: M880971 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) 

TOTAL MCDD ND 
TOTAL DCDD ND 
TOTAL TRICDD ND 
2378-TCDD ND 
TOTAL TCDD ND 
12378-PCDD ND 
TOTAL PCDD ND 
123478-HxCDD ND 
123678-HxCDD ND 
123789-HxCDD ND 
TOTAL HxCDD ND 
1234678-HpCDD ND 
TOTAL HpCDD ND 
OCDD 1.200 
TOTAL MCDF ND 
TOTAL DCDF ND 
TOTAL TRICDF ND 
2378-TCDF ND 
TOTAL TCDF ND 
12378-PCDF ND 
23478-PCDF ND 
TOTAL PCDF ND 
123478-HxCDF ND 
123678-HxCDF ND 
234678-HxCDF ND 
123789-HxCDF ND 
TOTAL HxCDF ND 
1234678-HpCDF 0. 123 
1234789-HpCDF ND 
TOTAL HpCDF 0. 139 
OCDF ND 

SURROGATE RECOVERY SUMMARY 

NUMBER DL 

0.040 
0.080 
0.215 
0.065 
0.065 
0.068 
0.068 
0.100 
0.100 
0.118 

0.075 
0.075 

0.037 
0.115 
0.118 
0.048 
0.048 
0.043 
0.048 
0.045 
0.058 
0.055 
0.073 
0.095 
0.068 

0.053 
1 

EMPC 

0.588 

0.242 

RATIO RT 

4.05 

0.95 49.25 

0.89 42.52 

0.89 
0.62 

----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

9.88 
8.45 

13.52 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

98.80 
84.50 

135.20 

RATIO 

0.77 

1. 32 

RT 

28.31 
29.18 
38.16 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

2378-13C12-TCDD 
13C12-PCDD 
13C12-HxCDD 
13C12-HpCDD 
13C12-0CDD 

AMT (ng) 

9.46 
13. 11 
8.67 

15.40 
28.09 

B-79 

% REC. 

94.60 
131.10 
86.70 

154.00 
140.45 

RATIO 

0.88 
0.57 
1. 31 
1. 01 
0.87 

RT 

29.17 
34.39 
39.33 
44.21 
49.24 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: EW 
03/17/88 

FILE NAME: M880968 
SAMPLE #7 
ENTROPY 
8802191 

CONCAL: M880960 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

---------------------------------------------------------------------------
TOTAL MCDD ND 0.013 
TOTAL DCDD 2.238 1 1. 65 
TOTAL TRICDD 9.646 5 1. 01 
2378-TCDD 0.447 0.65 29. 14 
TOTAL TCDD 5.977 12 0.78 
12378-PCDD 0.622 0.62 34.37 
TOTAL PCDD 6.172 10 0.59 
123478-HxCDD 0.765 1. 24 39.23 
123678-HxCDD 1. 17 4 1. 21 39.29 
123789-HxCDD 2.441 1. 21 39.58 
TOTAL HxCDD 17.347 7 1. 26 
1234678-HpCDD 7.581 1. 00 44. 18 
TOTAL HpCDD 14.907 2 1. 02 
OCDD 32.454 0.87 49.21 
TOTAL MCDF 0.628 3 3.15 
TOTAL DCDF 27.125 4 6.59 
TOTAL TRICDF 150.490 12 1. 04 
2378-TCDF 7.557 0.76 28.29 
TOTAL TCDF 56.054 14 0.77 
12378-PCDF 2.098 0.60 33.10 
23478-PCDF 2.445 0.61 34.08 
TOTA:L PCDF 30.983 13 0.61 
123478-HxCDF 6.714 1. 18 38.12 
123678-HxCDF 3.051 1. 17 38.23 
234678-HxCDF 3.272 1. 21 39. 10 
123789-HxCDF 0.180 1. 41 40.19 
TOTAL HxCDF 31.435 11 1. 18 
1234678-HpCDF 7.132 0.98 42.47 
1234789-HpCDF 0.557 0.97 44.56 
TOTAL HpCDF 10.860 4 1. 00 
OCDF 2.434 0.84 49.35 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

9.79 
9.87 

13.59 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

97.90 
98.70 

135.90 

RATIO 

0.77 

1. 22 

RT 

28.27 
29.14 
38.12 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % REC. RATIO RT 

2378-13C12-TCDD 7. 80 78.00 0.83 29.13 
13C12-PCDD 11.45 114.50 0.63 34.36 
13C12-HxCDD 7.37 73.70 1. 25 39.29 
13C12-HpCDD 10.18 B-80 101.80 1. 01 44.17 
13C12-0CDD 16.72 83.60 0.87 49.21 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: EW 
03/17/88 

FILE NAME: M880965 
SAMPLE #8 
ENTROPY 
8802191 

CONCAL: M880960 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

---------------------------------------------------------------------------
TOTAL MCDD ND 0.226 0.24 
TOTAL DCDD 0.606 1 1. 55 
TOTAL TRICDD 1.938 3 1. 06 
2378-TCDD ND 0.072 0.48 
TOTAL TCDD 0.979 9 0.78 
12378-PCDD 0.077 0.62 34.36 
TOTAL PCDD 0.672 8 0.59 
123478-HxCDD 0.069 1. 21 39.20 

123678-HxCDD 0.101 1. 35 39.28 
123789-HxCDD 0.191 1. 09 39.55 
TOTAL HxCDD 1.001 5 1. 23 
1234678-HpCDD 0.583 1. 03 44. 16 

TOTAL HpCDD 1. 145 2 1. 05 
OCDD 1. 636 0.91 49.20 

TOTAL MCDF 0.133 3 3.07 
TOTAL DCDF 7.362 6 6.21 
TOTAL TRICDF 43.533 11 1. 03 
2378-TCDF 1.537 0.77 28.28 

TOTAL TCDF 13.166 14 0.77 

12378-PCDF 0.358 0.53 33.09 

23478-PCDF 0.409 0.63 34.07 
TOTAL PCDF 6.202 15 0.60 
123478-HxCDF 1.054 1. 19 38. 10 

123678-HxCDF 0.435 1. 15 38.21 

234678-HxCDF 0.419 1. 22 39.09 

123789-HxCDF ND 0.018 
TOTAL HxCDF 4.542 8 1. 25 
1234678-HpCDF 0.967 1. 02 42.46 
1234789-HpCDF 0.046 0.97 44.55 
TOTAL HpCDF 1.385 4 1. 07 
OCDF 0.342 0.89 49.33 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

8.85 
9.44 

12.53 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

88.50 
94.40 

125.30 

RATIO 

0.78 

1. 23 

RT 

28.26 
29.13 
38.11 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % REC. RATIO RT 

2378-13C12-TCDD 8. 17 81.70 0.80 29.12 

13C12-PCDD 11.63 116.30 0.64 34.33 

13C12-HxCDD 7. 12 71.20 1. 23 39.27 

13C12-HpCDD 11.38 B-81 113.80 1. 03 44.15 

13C12-0CDD 22.80 114.00 0.90 49.18 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: EW 
03/18/88 

FILE NAME: M880981 
SAMPLE #9 
ENTROPY 
8802192 

CONCAL: M880971 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

TOTAL MCDD ND 0.015 
TOTAL DCDD ND 0.030 
TOTAL TRICDD ND 0.080 
2378-TCDD ND 0.025 
TOTAL TCDD ND 0.025 
12378-PCDD ND 0.037 
TOTAL PCDD ND 0.037 
123478-HxCDD ND 0.048 
123678-HxCDD ND 0.048 
123789-HxCDD ND 0.055 
TOTAL HxCDD ND 0.545 5.55 
1234678-HpCDD 0.069 0.92 44.22 
TOTAL HpCDD 0.149 2 0.96 
OCDD 0.335 0.89 49.25 
TOTAL MCDF ND 0.015 
TOTAL DCDF ND 0.043 
TOTAL TRICDF ND 0.045 
2378-TCDF ND 0.018 
TOTAL TCDF ND 0.018 
12378-PCDF ND 0.025 
23478-PCDF ND 0.028 
TOTAL PCDF 0.089 1 0.61 
123478-HxCDF ND 0.028 
123678-HxCDF ND 0.025 
234678-HxCDF ND 0.033 
123789-HxCDF ND 0.045 
TOTAL HxCDF ND 0.030 
1234678-HpCDF 0.060 1. 14 42.53 
1234789-HpCDF ND 0.025 
TOTAL HpCDF 0.068 1 1. 14 
OCDF ND 0.043 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

8.98 
9.20 

15.86 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

89.80 
92.00 

158.60 

RATIO 

0.75 

1. 28 

RT 

28.32 
29.19 
38.17 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % REC. RATIO RT 

2378-13Cl2-TCDD 7.51 75.10 0.77 29.18 
13C12-PCDD 6.77 67.70 0.58 34.40 
13C12-HxCDD 5.38 53.80 1. 24 39.33 
13C12-HpCDD 9.25 92.50 1.10 44.21 
13C12-0CDD 19.30 B-82 96.50 0.87 49.25 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: EW 
03/17/88 

FILE NAME: M880964 
SAMPLE #10 
ENTROPY 
8802191 

CONCAL: M880960 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

---------------------------------------------------------------------------
TOTAL MCDD ND 0.008 
TOTAL DCDD 2.336 1 1. 52 
TOTAL TRICDD 9.605 6 1. 06 
2378-TCDD 0.560 0.74 29.14 
TOTAL TCDD 7.159 13 0.77 
12378-PCDD 0.800 0.59 34.37 
TOTAL PCDD 6.395 11 0.60 
123478-HxCDD 0.948 1. 19 39.22 
123678-HxCDD 1.120 1. 31 39.29 
123789-HxCDD 2.855 1. 22 39.57 
TOTAL HxCDD 15.325 7 1. 27 
1234678-HpCDD 5.360 1. 00 44.18 
TOTAL HpCDD 10.247 2 1. 00 
OCDD 12.728 0.88 49.21 
TOTAL MCDF 0.539 2 3.08 
TOTAL DCDF 32.369 7 5.92 
TOTAL TRICDF 137.351 12 1. 03 
2378-TCDF 8.082 0.75 28.28 
TOTAL TCDF 62.728 15 0.75 
12378-PCDF 2.306 0.62 33.10 
23478-PCDF 2.424 0.64 34.08 
TOTAL PCDF 32.111 14 0.63 
123478-HxCDF 7.302 1. 21 38.12 
123678-HxCDF 3.393 1. 17 38.22 
234678-HxCDF 3.369 1.19 39.10 
123789-HxCDF ND 0.225 1. 49 
TOTAL HxCDF 34.583 11 1.18 
1234678-HpCDF 6.683 1. 01 42.47 
1234789-HpCDF 0.477 1. 02 44.57 
TOTAL HpCDF 10.047 4 1. 00 
OCDF 2.000 0.84 49.34 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

9.80 
9.91 

13.53 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

98.00 
99.10 

135.30 

RATIO 

0.77 

1. 22 

RT 

28.26 
29.14 
38.12 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % REC. RATIO RT 

2378-13C12-TCDD 9. 10 91.00 0.81 29.13 
13C12-PCDD 15.03 150.30 0.62 34.36 
13C12-HxCDD 7.61 76. 10 1. 24 39.28 
13C12-HpCDD 13.22 B-83 132.20 1. 03 44.17 
13C12-0CDD 26.99 134.95 0.89 49.20 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: EW 
03/17/88 

FILE NAME: M880963 
SAMPLE #11 
ENTROPY 
8802191 

CONCAL: M880960 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

---------------------------------------------------------------------------
TOTAL MCDD ND 
TOTAL DCDD 0.313 
TOTAL TRICDD 0.905 
2378-TCDD ND 
TOTAL TCDD 0.359 
12378-PCDD 0.020 
TOTAL PCDD 0.156 
123478-HxCDD 0.014 
123678-HxCDD 0.020 
123789-HxCDD 0.039 
TOTAL HxCDD 0.232 
1234678-HpCDD 0. 109 
TOTAL HpCDD 0.253 
OCDD 0.578 
TOTAL MCDF 0.477 
TOTAL DCDF 2.319 
TOTAL TRICDF 16.391 
2378-TCDF 0.503 
TOTAL TCDF 4.699 
12378-PCDF 0.101 
23478-PCDF 0. 103 
TOTAL PCDF 1. 514 
123478-HxCDF 0.271 
123678-HxCDF 0.118 
234678-HxCDF 0.099 
123789-HxCDF 0.009 
TOTAL HxCDF 1.294 
1234678-HpCDF 0.300 
1234789-HpCDF 0.041 
TOTAL HpCDF 0.502 
OCDF 0.320 

SURROGATE RECOVERY SUMMARY 

NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

9.44 
9.31 

12.97 

1 
5 

12 

9 

5 

2 

3 
3 

10 

13 

12 

11 

4 

INTERNAL STANDARDS RECOVERY SUMMARY 

0.003 

% REC. 

94.40 
93.10 

129.70 

0.030 

RATIO 

0.78 

1. 25 

1. 70 
1. 07 
0.49 
0.79 
0.53 34.37 
0.60 
1.14 39.23 
1. 35 39.30 
1. 23 39.58 
1. 29 
1. 11 44.18 
1. 06 
0.83 49.22 
2.91 
6.45 
1. 03 
0.76 28.29 
0.74 
0.59 33. 12 
0.62 34.09 
0.61 
1.18 38. 12 
1. 22 38.23 
1.10 39.11 
1. 21 40.19 
1. 23 
1. 01 42.48 
0.97 44.57 
0.99 
0.89 49.36 

RT 

28.27 
29.16 
38.12 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % REC. RATIO RT 

2378-13C12-TCDD 12.43 124.30 0.80 29.14 
13C12-PCDD 21.77 217.70 0.63 34.37 
13C12-HxCDD 11.24 112.40 1. 24 39.29 

13C12-HpCDD-* 13.62 B-84 136.20 1. 04 44.18 

13C12-0CDD -*" 28.37 141.85 0.90 49.21 
~"'-- · 1A ,..r-ITA~~,{ r ~ . ·- ,--" ~ c:-" r r· f r: 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: LD 
03/17/88 

FILE NAME: M880962 
SAMPLE #12 
ENTROPY 
8802191 

CONCAL: M880960 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

TOTAL MCDD ND 0.015 
TOTAL DCDD ND 0.035 
TOTAL TRICDD ND 0.085 
2378-TCDD ND 0.020 
TOTAL TCDD ND 0.086 3.59 
12378-PCDD ND 0.020 
TOTAL PCDD ND 0.021 0.94 
123478-HxCDD ND 0.043 
123678-HxCDD ND 0.033 
123789-HxCDD ND 0.048 
TOTAL HxCDD ND 0.501 2.45 
1234678-HpCDD 0. 151 1. 10 44.23 
TOTAL HpCDD 0.315 2 1. 02 
OCDD 0.841 0.91 49.27 
TOTAL MCDF ND 0.010 
TOTAL DCDF ND 0.060 
TOTAL TRICDF 0.352 3 1. 13 
2378-TCDF 0.058 0.72 28.34 
TOTAL TCDF 0.128 3 0.68 
12378-PCDF 0.034 0.62 33.14 
23478-PCDF 0.064 0.60 34.13 
TOTAL PCDF 0.241 3 0.61 
123478-HxCDF 0.204 1. 38 38.17 
123678-HxCDF ND 0.042 1. 49 
234678-HxCDF ND 0.043 1. 60 
123789-HxCDF ND 0.040 
TOTAL HxCDF 0.430 2 1. 33 
1234678-HpCDF 0.301 1. 03 42.53 
1234789-HpCDF ND 0.030 
TOTAL HpCDF 0.398 2 1.06 
OCDF 0.402 0.86 49.40 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

9.48 
9.39 

13.46 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

94.80 
93.90 

134.60 

RATIO 

0.79 

1. 25 

RT 

28.32 
29.19 
38.17 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % REC. RATIO RT 

2378-13C12-TCDD 9.61 96.10 0.79 29.19 
13Cl2-PCDD 12.78 127.80 0.60 34.40 
13Cl2-HxCDD 10.57 105.70 1. 29 39.33 
13C12-HpCDD 12.52 125.20 0.99 44.22 
13C12-0CDD 16.84 B-·85 84.20 0.88 49.25 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: EW 
03/18/88 

10.19 

FILE NAME: M880982 
SAMPLE #13 
ENTROPY 
8802192 

CONCAL: M880971 
DATE: SAMPLE ID: 
SAMPLEWT: CASE NO: 

PROJ NO: 
------------------------------------------------------------------------------------------------------------------------------------------------------

NAME 

TOTAL MCDD 
TOTAL DCDD 
TOTAL TRICDD 
2378-TCDD 
TOTAL TCDD 
12378-PCDD 
TOTAL PCDD 
123478-HxCDD 
123678-HxCDD 
123789-HxCDD 
TOTAL HxCDD 
1234678-HpCDD 
TOTAL HpCDD 
OCDD 
TOTAL MCDF 
TOTAL DCDF 
TOTAL TRICDF 
2378-TCDF 
TOTAL TCDF 
12378-PCDF 
23478-PCDF 
TOTAL PCDF 
123478-HxCDF 
123678-HxCDF 
234678-HxCDF 
123789-HxCDF 
TOTAL HxCDF 
1234678-HpCDF 
1234789-HpCDF 
TOTAL HpCDF 
OCDF 

CONC(ppb) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.003 
0.003 
0.016 

ND 
ND 

0.009 
0.002 
0.004 

ND 
ND 

0.003 
ND 
ND 
ND 
ND 
ND 

0.004 
ND 

0.004 
ND 

SURROGATE RECOVERY SUMNARY 

NUMBER 

1 

1 

2 

2 

1 

DL 

0.001 
0.001 
0.003 
0.001 

0.001 
0.001 
0.001 
0.001 
0.001 

0.001 
0.001 

0.001 

0.001 
0.001 
0.001 
0.001 
0.001 

0.001 

ENPC 

0.001 

0.035 

0.001 

0.005 

RATIO 

3.04 

3.65 
0.99 
0.99 
0.92 

0.94 
0.87 
0.78 

0.92 
0.60 

1. 09 

1. 09 
0.42 

RT 

44.33 

49.35 

28.29 

43.02 

----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

CONC (ppb) 

0.86 
0.89 
1. 40 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

87.63 
90.69 

142.66 

RATIO 

0.80 

1. 24 

RT 

28.27 
29.16 
38.25 

--------------------------------------------------------------------------· --------------------------------------------------------------------------· 
NAME CONC (ppb) % REC. RATIO RT 

2378-13C12-TCDD 0.88 89.67 0.80 29 0 14 
13C12-PCDD 0.76 77.44 0.63 34.37 
13C12-HxCDD 0.60 61.14 1. 27 39.43 
13C12-HpCDD 0.87 88.65 1. 01 44.32 
13C12-0CDD 1. 57 B-86 79.99 0.91 49.34 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: AR 
03/19/88 

10.09 

FILE NAME: M880987 
SAMPLE #14 
ENTROPY 
8802192 

CONCAL: M880986 
DATE: SAMPLE ID: 
SAMPLEWT: CASE NO: 

PROJ NO: 
------------------------------------------------------------------------------------------------------------------------------------------------------

NAME 

TOTAL MCDD 
TOTAL DCDD 
TOTAL TRICDD 
2378-TCDD 
TOTAL TCDD 
12378-PCDD 
TOTAL PCDD 
123478-HxCDD 
123678-HxCDD 
123789-HxCDD 
TOTAL HxCDD 
1234678-HpCDD 
TOTAL HpCDD 
OCDD 
TOTAL MCDF 
TOTAL DCDF 
TOTAL TRICDF 
2378-TCDF 
TOTAL TCDF 
12378-PCDF 
23478-PCDF 
TOTAL PCDF 
123478-HxCDF 
123678-HxCDF 
234678-HxCDF 
123789-HxCDF 
TOTAL HxCDF 
1234678-HpCDF 
1234789-HpCDF 
TOTAL HpCDF 
OCDF 

CONC(ppb) 

ND 
ND 
ND 

0.006 
0.026 
0.006 
0.010 

ND 
ND 
ND 

0.019 
0.044 
0.079 
0.115 

ND 
ND 

0.605 
0.093 
0.725 

ND 
0.025 
0.259 
0.042 
0.019 
0.021 

ND 
0.167 
0.061 
0.007 
0.105 
0.048 

SURROGATE RECOVERY SUMMARY 

NUMBER 

4 

2 

1 

2 

8 

13 

8 

6 

4 

DL 

0.001 

0.003 
0.003 

0.003 

EMPC 

0.016 
0.009 

0.006 

0.015 
0.095 

0.022 

RATIO 

1. 80 
1. 87 
0.79 
0.78 
0.67 
0.63 

0.35 
1. 22 
1. 02 
1. 01 
0.85 
1. 71 
4.30 
1. 00 
0.77 
0.79 
0.47 
0.67 
0.59 
1. 19 
1. 40 
1. 35 

1. 30 
1. 06 
0.92 
0.96 
0.83 

RT 

29.13 

34.35 

44.18 

49.21 

28.27 

34.08 

38.12 
38.22 
39.10 

42.48 
44.58 

49.35 

-----------------------------------------------------------------------·-----------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

CONC (ppb) 

0.95 
0.96 
1. 41 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

95.85 
96.86 

142.27 

RATIO 

0.79 

1. 27 

RT 

28.25 
29.13 
38.12 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % REC. RATIO RT 

2378-13C12-TCDD 0.59 59.53 0.79 29.12 
13C12-PCDD 0.49 49.44 0.64 34.34 
13C12-HxCDD 0.39 39.35 1. 29 39.27 
13C12-HpCDD 0.40 40.36 1.07 44.17 
13C12-0CDD 0.71 B-87 35.82 0.90 49.20 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: AR 
03/19/88 

10. 15 

FILE NAME: M880988 
SAMPLE #15 
ENTROPY 
8802192 

CONCAL: M880986 
DATE: SAMPLE ID: 
SAMPLEWT: CASE NO: 

PROJ NO: 

=========================================================================== . 
NAME 

TOTAL MCDD 
TOTAL DCDD 
TOTAL TRICDD 
2378-TCDD 
TOTAL TCDD 
12378-PCDD 
TOTAL PCDD 
123478-HxCDD 
123678-HxCDD 
123789-HxCDD 
TOTAL HxCDD 
1234678-HpCDD 
TOTAL HpCDD 
OCDD 
TOTAL MCDF 
TOTAL DCDF 
TOTAL TRICDF 
2378-TCDF 
TOTAL TCDF 
12378-PCDF 
23478-PCDF 
TOTAL PCDF 
123478-HxCDF 
123678-HxCDF 
234678-HxCDF 
123789-HxCDF 
TOTAL HxCDF 
1234678-HpCDF 
1234789-HpCDF 
TOTAL HpCDF 
OCDF 

CONC(ppb) 

ND 
ND 
ND 
ND 
o. 011 

ND 
0.012 

ND 
ND 

0.026 
0.068 
0.049 
0. 113 
0.094 

ND 
ND 

0. 124 
0.089 
0.481 
0.031 
0.032 
0.372 
0.089 

ND 
ND 
ND 

0.244 
0. 108 

ND 
0.124 

ND 

SURROGATE RECOVERY SUMMARY 

NUMBER DL 

0.003 
0.005 
0.010 
0.005 

1 
0.008 

1 
0.013 
0.010 

2 

2 

0.003 
0.008 

3 

8 

9 

0.010 
2 

0.013 
1 

0.030 

EMPC RATIO 

0.79 

0.70 

1. 31 
1. 28 
1. 02 
0.97 
0.76 

1. 01 
0.67 
0.75 
0.69 
0.64 
0.60 
1. 15 

0.045 0.77 
0.029 1. 90 

1. 26 
0.95 

0.95 

RT 

40.03 

44.23 

49.26 

28.34 

33.15 
34.14 

38.16 

42.53 

----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

CONC (ppb) 

0.96 
0.95 
1. 69 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

97.44 
96.42 

171.53 

RATIO 

0.78 

1. 30 

RT 

28.32 
29.19 
38.17 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % REC. RATIO RT 

2378-13C12-TCDD 0.64 64.96 0.80 29.18 

13C12-PCDD 0.53 53.80 0.65 34.40 

13C12-HxCDD 0.43 43.65 1. 28 39.33 

13C12-HpCDD 0.36 36.54 1. 08 44.22 

13C12-0CDD 0.57 B-88 28.93 0.88 49.25 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: AR 
03/19/88 

9.59 

FILE NAME: M880989 
SAMPLE #16 
ENTROPY 
880214J2 

CONCAL: M880986 
DATE: SAMPLE ID: 
SAMPLEWT: CASE NO: 

PROJ NO: 
------------------------------------------------------------------------------------------------------------------------------------------------------

NAME 

TOTAL MCDD 
TOTAL DCDD 
TOTAL TRICDD 
2378-TCDD 
TOTAL TCDD 
12378-PCDD 
TOTAL PCDD 
123478-HxCDD 
123678-HxCDD 
123789-HxCDD 
TOTAL HxCDD 
1234678-HpCDD 
TOTAL HpCDD 
OCDD 
TOTAL MCDF 
TOTAL DCDF 
TOTAL TRICDF 
2378-TCDF 
TOTAL TCDF 
12378-PCDF 
23478-PCDF 
TOTAL PCDF 
123478-HxCDF 
123678-HxCDF 
234678-HxCDF 
123789-HxCDF 
TOTAL HxCDF 
1234678-HpCDF 
1234789-HpCDF 
TOTAL HpCDF 
OCDF 

CONC(ppb) 

ND 
ND 

0.111 
0.041 
0.392 
0.063 
0.343 
0.060 
0.108 
0.192 
0.861 
0.533 
1.083 
1.084 

ND 
ND 

3.277 
0.864 
6.286 
0.275 
0.326 
3.765 
0.642 
0.352 
0.335 

ND 
3.211 
0.870 
0.065 
1.287 
0.214 

SURROGATE RECOVERY SUMMARY 

NUMBER 

2 

11 

6 

5 

2 

10 

14 

12 

11 

4 

DL 

0.003 
0.005 

0.003 
0.008 

EMPC 

0.024 

RATIO 

1. 09 
0.81 
0.79 
0.54 
0.62 
1. 18 
1. 35 
1. 24 
1. 28 
1. 00 
1. 02 
0.90 

0.99 
0.75 
0.75 
0.63 
0.60 
0.62 
1. 27 
1. 27 
1. 23 
1. 03 
1. 28 
1. 02 
1. 06 
1. 05 
0.90 

RT 

29.32 

34.53 

39.38 
39.46 
40.11 

44.35 

49.37 

28.46 

33.26 
34.25 

38.27 
38.39 
39.27 

43.04 
45.13 

49.51 

----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

CONC (ppb) 

0.98 
1. 00 
1. 49 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

93.98 
95.90 

142.89 

RATIO 

0.79 

1. 22 

RT 

28.43 
29.31 
38.29 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % REC. RATIO RT 

2378-13C12-TCDD 0.74 70.97 0.83 29.31 
13C12-PCDD 0.74 70.97 0.63 34.52 
13C12-HxCDD 0.49 46.99 1. 24 39.45 
13C12-HpCDD 0.55 52.74 1. 05 44.34 
13C12-0CDD 0.80 B-89 38.36 0.90 49.36 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: MC 
03/19/88 

10.02 

FILE NAME: M880992 
SAMPLE #17 
ENTROPY 
8802192 

CONCAL: M880986 
DATE: SAMPLE ID: 
SAMPLEWT: CASE NO: 

PROJ NO: 
------------------------------------------------------------------------------------------------------------------------------------------------------

NAME CONC(ppb) NUMBER DL EMPC RATIO RT 

TOTAL MCDD ND 0.008 
TOTAL DCDD ND 0.245 1. 81 
TOTAL TRICDD 0.387 2 1. 08 
2378-TCDD 0.082 0.73 29. 14 
TOTAL TCDD 1.161 8 0.77 
12378-PCDD 0.125 0.52 34.37 
TOTAL PCDD 1.537 7 0.56 
123478-HxCDD 0.176 1. 30 39.21 
123678-HxCDD 0.419 1. 21 39.29 
123789-HxCDD 0.589 1. 31 39.55 
TOTAL HxCDD 4.809 6 1.32 
1234678-HpCDD 2.190 1. 00 44.16 
TOTAL HpCDD 4.401 2 1. 02 
OCDD 4.439 0.84 49. 18 
TOTAL MCDF 0.237 1 2.87 
TOTAL DCDF 5.787 5 5.94 
TOTAL TRICDF 15.311 11 1. 04 
2378-TCDF 2.766 0.77 28.28 
TOTAL TCDF 19.994 13 0.77 
12378-PCDF 0.710 0.62 33.09 
23478-PCDF 0.826 0.65 34.08 
TOTAL PCDF 10.957 13 0.64 
123478-HxCDF 2.124 1. 28 38.10 
123678-HxCDF 1. 17 5 1. 29 38.21 
234678-HxCDF 1.247 1. 16 39.10 
123789-HxCDF ND 0.081 1. 44 
TOTAL HxCDF 10.127 9 1. 28 
1234678-HpCDF 3.001 1. 02 42.45 
1234789-HpCDF 0.253 0.87 44.55 
TOTAL HpCDF 4.208 3 1. 01 
OCDF 0.788 0.93 49.32 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

CONC (ppb) 

1. 04 
1. 02 
1. 79 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

104.21 
102.20 
179.36 

RATIO 

0.79 

1.12 

RT 

28.26 
29.14 
38.11 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % REC. RATIO RT 

2378-13C12-TCDD 0.72 72.14 0.76 29.13 
13C12-PCDD 0.57 57. 11 0.65 34.36 
13C12-HxCDD 0.50 50.10 1. 26 39.27 
13C12-HpCDD 0.63 63.13 1. 13 44.15 
13C12-0CDD 1. 24 B-90 62.12 0.93 49.17 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: MC 
03/19/88 

10. 13 

FILE NAME: M880995 
SAMPLE #18 
ENTROPY 
8802192 

CONCAL: M880986 
DATE: SAMPLE ID: 
SAMPLEWT: CASE NO: 

PROJ NO: 
------------------------------------------------------------------------------------------------------------------------------------------------------

NAME 

TOTAL MCDD 
TOTAL DCDD 
TOTAL TRICDD 
2378-TCDD 
TOTAL TCDD 
12378-PCDD 
TOTAL PCDD 
123478-HxCDD 
123678-HxCDD 
123789-HxCDD 
TOTAL HxCDD 
1234678-HpCDD 
TOTAL HpCDD 
OCDD 
TOTAL MCDF 
TOTAL DCDF 
TOTAL TRICDF 
2378-TCDF 
TOTAL TCDF 
12378-PCDF 
23478-PCDF 
TOTAL PCDF 
123478-HxCDF 
123678-HxCDF 
234678-HxCDF 
123789-HxCDF 
TOTAL HxCDF 
1234678-HpCDF 
1234789-HpCDF 
TOTAL HpCDF 
OCDF 

CONC(ppb) 

ND 
0.066 
0.134 
0.025 
0.273 
0.040 
0.298 
0.041 
0.065 
0. 127 
0.530 
0.370 
0.714 
0.941 
0.036 
1.488 
3.147 
0.497 
3.876 
0.165 
0.205 
2.471 
0.428 
0.228 
0.225 

ND 
2.014 
0.581 

ND 
0.760 
0.174 

SURROGATE RECOVERY SUMMARY 

NUMBER 

1 
3 

13 

9 

5 

2 

2 
7 

11 

14 

13 

11 

2 

DL EMPC 

0.001 

0.014 

0.045 

RATIO 

1. 55 
1. 10 
0.76 
0.76 
0.61 
0.57 
1. 07 
1. 29 
1. 26 
1. 26 
0.98 
0.99 
0.86 
3.14 
6.44 
1. 00 
0.78 
0.79 
0.60 
0.60 
0.62 
1. 24 
1. 19 
1. 24 
1. 53 
1. 25 
1. 03 
1. 20 
1. 07 
0.83 

RT 

29.11 

34.33 

39. 18 
39.25 
39.51 

44.13 

49.14 

28.26 

33.07 
34.04 

38.08 
38. 18 
39.06 

42.43 

49.28 

----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

CONC (ppb) 

0.92 
0.93 
1. 47 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

93.20 
94.21 

148.91 

RATIO 

0.82 

1. 27 

RT 

28.24 
29.11 
38.08 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % REC. RATIO RT 

2378-13C12-TCDD 0.87 88.13 0.78 29.10 
13C12-PCDD 0.60 60.78 0.64 34.32 
13C12-HxCDD 0.54 54.70 1. 25 39.24 
13C12-HpCDD 0.61 

B-91 
61.79 1. 07 44.13 

13C12-0CDD 1. 13 57.23 0.89 49.14 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: MC 
03/19/88 

FILE NAME: M880994 
SAMPLE #19 
ENTROPY 
8802192 

CONCAL: M880986 

DATE: SAMPLE ID: 
CASE NO: 
PROJ NO: 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

---------------------------------------------------------------------------
TOTAL MCDD ND 0.033 
TOTAL DCDD ND 0.062 
TOTAL TRICDD ND 0.118 
2378-TCDD ND 0.053 
TOTAL TCDD 0.108 1 0.82 
12378-PCDD ND 0.110 
TOTAL PCDD ND 0.110 
123478-HxCDD ND 0.098 
123678-HxCDD ND 0.090 
123789-HxCDD ND 0.110 
TOTAL HxCDD ND 0.347 3.20 
1234678-HpCDD 0.311 0.93 44.14 
TOTAL HpCDD 0.561 2 0.98 
OCDD 1.591 1. 00 49.16 
TOTAL MCDF ND 0.022 
TOTAL DCDF ND 0.095 
TOTAL TRICDF 0. 171 1 1. 06 
2378-TCDF ND 0.040 
TOTAL TCDF ND 0.213 1. 44 
12378-PCDF ND 0.073 
23478-PCDF ND 0.075 
TOTAL PCDF ND 0.380 1. 04 
123478-HxCDF ND 0.055 
123678-HxCDF ND 0.048 
234678-HxCDF ND 0.065 
123789-HxCDF ND 0.083 
TOTAL HxCDF 0.175 1 1. 33 
1234678-HpCDF 0.311 0.99 42.45 

1234789-HpCDF ND 0.065 
TOTAL HpCDF 0.357 1 0.99 
OCDF 0.263 0.96 49.28 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

9.55 
9.31 

13.76 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

95.50 
93.10 

137.60 

RATIO 

0.81 

1. 35 

RT 

28.25 
29.12 
38.09 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % REC. RATIO RT 

2378-13C12-TCDD 4.83 48.30 0.85 29.11 

13C12-PCDD 3.34 33.40 0.63 34.32 
13C12-HxCDD 3.37 33.70 1. 27 39.24 
13C12-HpCDD 4.14 41.40 1. 08 44.13 
13C12-0CDD 8.95 B-92 44.75 0.87 49.15 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: EW 
03/17/88 

FILE NAME: M880967 
SAMPLE #20 
ENTROPY 
8802191 

CONCAL: M880960 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

TOTAL MCDD ND 0.008 
TOTAL DCDD ND 0.020 
TOTAL TRICDD ND 0.050 
2378-TCDD ND 0.013 
TOTAL TCDD ND 0. 158 3.71 
12378-PCDD ND 0.010 
TOTAL PCDD ND 0.010 
123478-HxCDD ND 0.019 1. 47 
123678-HxCDD 0.030 1. 10 39.30 
123789-HxCDD 0.044 1. 11 39.57 
TOTAL HxCDD 0.158 3 1. 11 
1234678-HpCDD 0.977 1. 00 44.19 
TOTAL HpCDD 1.824 2 0.99 
OCDD 13.016 0.87 49.21 
TOTAL MCDF ND 0.005 
TOTAL DCDF ND 0.035 
TOTAL TRICDF 0.623 1 1. 05 
2378-TCDF 0.017 0.72 28.28 
TOTAL TCDF 0.017 1 0.72 
12378-PCDF ND 0.009 0.75 
23478-PCDF 0.010 0.59 34.08 
TOTAL PCDF 0.051 4 0.61 
123478-HxCDF 0.053 1. 16 38. 12 
123678-HxCDF 0.015 1. 34 38.22 
234678-HxCDF ND 0.013 
123789-HxCDF ND 0.018 
TOTAL HxCDF 0.192 4 1. 30 
1234678-HpCDF 0.220 0.96 42.48 
1234789-HpCDF ND 0.010 
TOTAL HpCDF 0.420 2 1. 01 
OCDF 0.491 0.76 49.34 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

9.46 
9.49 

12.47 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

94.60 
94.90 

124.70 

RATIO 

0.78 

1. 26 

RT 

28.26 
29.14 
38.12 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

2378-13C12-TCDD 
13C12-PCDD 
13C12-HxCDD 
13C12-HpCDD 
13C12-0CDD 

AMT (ng) 

9.46 
16.48 
9.00 

13.43 
27. 11 

B-93 

% REC. 

94.60 
164.80 
90.00 

134.30 
135.55 

RATIO 

0.80 
0.62 
1. 26 
1. 02 
0.89 

RT 

29.13 
34.34 
39.29 
44.17 
49.20 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: AR 
03/20/88 

10. 11 

FILE NAME: M881002 
SAMPLE #21 
ENTROPY 
8802192 

CONCAL: M880996 
DATE: SAMPLE ID: 
SAMPLEWT: CASE NO: 

PROJ NO: 
------------------------------------------------------------------------------------------------------------------------------------------------------

NAME CONC(ppb) NUMBER DL EMPC RATIO RT 

TOTAL MCDD ND 0.003 
TOTAL DCDD ND 0.003 
TOTAL TRICDD ND 0.005 
2378-TCDD 1. 994 0.84 29.09 
TOTAL TCDD 3.345 2 0.85 
12378-PCDD ND 0.008 85.00 
TOTAL PCDD ND 0.008 85.00 
123478-HxCDD ND 0.014 4.05 
123678-HxCDD ND 0.013 3.35 
123789-HxCDD ND 0.020 2.23 
TOTAL HxCDD ND 0.069 3.43 
1234678-HpCDD 0.028 0.87 44.13 
TOTAL HpCDD 0.028 1 0.87 
OCDD 0.118 0.75 49.13 
TOTAL MCDF ND 0.001 
TOTAL DCDF ND 0.005 
TOTAL TRICDF ND 0.003 
2378-TCDF ND 0.003 0.96 
TOTAL TCDF ND 0.003 0.96 
12378-PCDF ND 0.003 
23478-PCDF 0.009 0.55 34.03 
TOTAL PCDF 0.009 1 0.55 
123478-HxCDF 0.029 1. 22 38.08 
123678-HxCDF 0.031 1. 33 38.17 
234678-HxCDF 0.030 1. 36 39.06 
123789-HxCDF 0.045 1. 23 40.16 
TOTAL HxCDF 0.130 4 1. 29 
1234678-HpCDF 0.034 1. 08 42.43 
1234789-HpCDF ND 0.031 1. 42 
TOTAL HpCDF 0.040 1 1. 08 
OCDF ND 0.078 1. 13 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

CONC (ppb) 

1. 11 
1. 01 
1. 66 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

112.22 
102.11 
167.83 

RATIO 

0.84 

1. 37 

RT 

28.21 
29.09 
38.07 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % REC. RATIO RT 

2378-13C12-TCDD 0.66 66.73 0.80 29.09 
13C12-PCDD 0.50 50.55 0.64 34.31 
13C12-HxCDD 0.37 37.41 1. 31 39.23 
13C12-HpCDD 0.44 44.48 1. 10 44.11 
13C12-0CDD 0.78 B-94 39.43 0.90 49.11 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: EW 
03/20/88 

FILE NAME: M881003 
SAMPLE #22 
ENTROPY 
8802192 

CONCAL: M880996 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

---------------------------------------------------------------------------
TOTAL MCDD ND 0.030 
TOTAL DCDD 0.607 1 1. 66 
TOTAL TRICDD 0.907 1 0.92 
2378-TCDD 1.205 0.79 29.09 
TOTAL TCDD 9.195 6 0.79 
12378-PCDD 2.608 0.69 34.31 
TOTAL PCDD 25.706 9 0.58 
123478-HxCDD 7.033 1. 31 39.16 
123678-HxCDD 9.398 1. 26 39.23 
123789-HxCDD 22.483 1. 32 39.52 
TOTAL HxCDD 95.467 6 1. 31 
1234678-HpCDD 28.571 1. 06 44.12 
TOTAL HpCDD 53.429 2 1. 04 
OCDD 33.677 0.84 49. 12 
TOTAL MCDF ND 0.025 
TOTAL DCDF ND 3.172 8.59 
TOTAL TRICDF 8. 194 4 1. 03 
2378-TCDF 12.288 0.80 28.24 
TOTAL TCDF 75.857 13 0.80 
12378-PCDF 3.084 0.55 33.04 
23478-PCDF 4.471 0.63 34.02 
TOTAL PCDF 55.426 11 0.62 
123478-HxCDF 29.336 1. 33 38.05 
123678-HxCDF 14.916 1. 29 38.17 
234678-HxCDF 13.988 1. 32 39.04 
123789-HxCDF ND 0.519 1. 98 
TOTAL HxCDF 117.256 7 1. 32 
1234678-HpCDF 29.847 1. 08 42.40 
1234789-HpCDF 1.776 1.16 44.50 
TOTAL HpCDF 45.915 4 1.10 
OCDF 5.783 0.96 49.25 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

11.03 
9.73 

19.56 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

110.30 
97.30 

195.60 

RATIO 

0.81 

1. 20 

RT 

28.21 
29.10 
38.06 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % REC. RATIO RT 

2378-13C12-TCDD 7.53 75.30 0.84 29.09 
13C12-PCDD 6.16 61.60 0.58 34.30 
13C12-HxCDD 4.34 43.40 1. 33 39.23 
13C12-HpCDD 10.02 100.20 1. 13 44.11 
13C12-0CDD 14.08 B-95 70.40 0.88 49.11 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: EW 
03/20/88 

FILE NAME: M881004 
SAMPLE #23 
ENTROPY 
8802192 

CONCAL: M880996 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

--------------------------------------------------------------------------~ 

TOTAL MCDD ND 0.033 
TOTAL DCDD 0.200 1 1. 76 
TOTAL TRICDD 1.169 2 1. 00 
2378-TCDD ND 1.236 1. 00 
TOTAL TCDD 7.197 9 0.77 
12378-PCDD 1.595 0.53 34.32 
TOTAL PCDD 15.729 9 0.60 
123478-HxCDD 5.110 1. 33 39.18 
123678-HxCDD 4.118 1. 31 39.24 
123789-HxCDD 11.616 1. 30 39.50 
TOTAL HxCDD 53.268 7 1. 33 
1234678-HpCDD 20.805 1. 03 44.13 
TOTAL HpCDD 40.838 2 1. 04 
OCDD 28.671 0.85 49.14 
TOTAL MCDF ND 0.028 
TOTAL DCDF 1.282 1 6.51 
TOTAL TRICDF 6.496 6 1. 06 
2378-TCDF 8.044 0.84 28.25 
TOTAL TCDF 39.543 13 0.81 
12378-PCDF 2.015 0.68 33.05 
23478-PCDF 2.593 0.63 34.03 
TOTAL PCDF 36.598 1 1 0.64 
123478-HxCDF 15.545 1. 27 38.07 
123678-HxCDF 7.350 1. 40 38. 18 
234678-HxCDF 7.922 1. 36 39.06 
123789-HxCDF 0.585 1. 09 40.12 
TOTAL HxCDF 65.727 9 1. 28 
1234678-HpCDF 19.960 1. 06 42.42 
1234789-HpCDF 1.620 1. 02 44.51 
TOTAL HpCDF 32.498 4 1. 07 
OCDF 13.105 0.93 49.26 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

11.75 
10.06 
17.89 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

117.50 
100.60 
178.90 

RATIO 

0.83 

1. 28 

RT 

28.22 
29.11 
38.08 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % REC. RATIO RT 

2378-13C12-TCDD 8.60 86.00 0.83 29.10 
13C12-PCDD 7.74 77.40 0.65 34.31 
13C12-HxCDD 5.49 54.90 1. 30 39.24 
13C12-HpCDD 8.95 89.50 1. 06 44.12 
13C12-0CDD 12. 12 B-96 60.60 0.98 49.13 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: EW 
03/20/88 

FILE NAME: M881006 
SAMPLE #24 
ENTROPY 
8802192 

CONCAL: M880996 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

===================·======================================================== 
NAME AMT (ng) 

TOTAL MCDD ND 
TOTAL DCDD ND 
TOTAL TRICDD ND 
2378-TCDD ND 
TOTAL TCDD ND 
12378-PCDD ND 
TOTAL PCDD ND 
123478-HxCDD ND 
123678-HxCDD ND 
123789-HxCDD ND 
TOTAL HxCDD ND 
1234678-HpCDD 0.337 
TOTAL HpCDD 0.711 
OCDD 4.818 
TOTAL MCDF ND 
TOTAL DCDF ND 
TOTAL TRICDF ND 
2378-TCDF ND 
TOTAL TCDF ND 
12378-PCDF ND 
23478-PCDF ND 
TOTAL PCDF ND 
123478-HxCDF ND 
123678-HxCDF ND 
234678-HxCDF ND 
123789-HxCDF ND 
TOTAL HxCDF ND 
1234678-HpCDF 0.091 
1234789-HpCDF ND 
TOTAL HpCDF 0.107 
OCDF 0.200 

SURROGATE RECOVERY SUMMARY 

NUMBER DL 

0.028 
0.060 
0.118 
0.045 
0.045 
0.068 
0.068 
0.107 
0.083 
0.125 
0.103 

2 

0.022 
0.092 
0.077 
0.033 
0.033 
0.040 
0.043 
0.040 
0.055 
0.043 
0.068 
0.098 
0.060 

0.050 
1 

EMPC RATIO RT 

0.95 44.14 
0.95 
1.00 49.14 

0.89 42.46 

0.89 
0.96 49.29 

----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13Cl2-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

8.60 
9.63 

12.61 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

86.00 
96.30 

126.10 

RATIO 

0.77 

1. 30 

RT 

28.24 
29.11 
38.09 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % REC. RATIO RT 

2378-13C12-TCDD 7.00 70.00 0.80 29.10 

13C12-PCDD 8.52 85.20 0.61 34.33 

13C12-HxCDD 4.60 46.00 1. 27 39.25 

13C12-HpCDD 8.18 81.80 0.96 44. 13 
13Cl2-0CDD 16.91 B-97 84.55 0.85 49.14 



TRIANGLE LABORATORIES, INC. 
PCDD/PCOF ANALYSIS (D) 

ANALYST: MC 
03/18/88 

FILE NAME: M880974 CONCAL: M88097{ 
DATE: SAMPLE ID: 

CASE NO: 
PROJ NO: 

TLI BLANK #1 
ENTROPY 
8802191 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) NUMBER DL EMPC RATIO RT 

TOTAL MCDD ND 0.010 
TOTAL DCDD ND 0.018 
TOTAL TRICDD ND 0.050 
2378-TCDD ND 0.015 
TOTAL TCDD ND 0.015 
12378-PCDD ND 0.018 
TOTAL PCDD ND 0.018 
123478-HxCDD ND 0.028 
123678-HxCDD ND 0.028 
123789-HxCDD ND 0.033 
TOTAL HxCDD ND 0.552 4.38 
1234678-HpCDD ND 0.022 
TOTAL HpCDD ND 0.022 
OCDD 0.134 0.79 49.22 
TOTAL MCDF ND 0.008 
TOTAL DCDF ND 0.025 
TOTAL TRICDF ND 0.028 
2378-TCDF ND 0.010 
TOTAL TCDF ND 0.010 
12378-PCDF ND 0.013 
23478-PCDF ND 0.013 
TOTAL PCDF ND 0.013 
123478-HxCDF ND 0.018 
123678-HxCDF ND 0.015 
234678-HxCDF ND 0.020 
123789-HxCDF ND 0.028 
TOTAL HxCDF ND 0.018 
1234678-HpCDF ND 0.013 
1234789-HpCDF ND 0.015 
TOTAL HpCDF ND 0.015 
OCDF ND 0.025 

SURROGATE RECOVERY SUMMARY 
========================================================================== 
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

7.89 
9.36 

13.82 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

78.90 
93.60 

138.20 

RATIO 

0.77 

1. 26 

RT 

28.27 
29.16 
38. 14 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % REC. RATIO RT 

2378-13C12-TCDD 7.42 74.20 0.78 29.14 
13C12-PCDD 8.92 89.20 0.60 34.37 
13C12-HxCDD 5.74 57.40 1. 24 39.30 
13C12-HpCDD 9.34 B-98 93.40 1. 09 44.19 
13C12-0CDD 21.88 109.40 0.89 49.21 



ANALYST: 
DATE: 

MC 
03/18/88 

TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

FILE NAME: 
SAMPLE ID: 
CASE NO: 
PROJ NO: 

M880975 
TLI BLANK #2 
ENTROPY 
8802191 

CONCAL: M880971 

========================================i~================================= 
NAME 

TOTAL MCDD 
TOTAL DCDD 
TOTAL TRICDD 
2378-TCDD 
TOTAL TCDD 
12378-PCDD 
TOTAL PCDD 
123478-HxCDD 
123678-HxCDD 
123789-HxCDD 
TOTAL HxCDD 
1234678-HpCDD 
TOTAL HpCDD 
OCDD 
TOTAL MCDF 
TOTAL DCDF 
TOTAL TRICDF 
2378-TCDF 
TOTAL TCDF 
1.2378-PCDF 
23478-PCDF 
TOTAL PCDF 
123478-HxCDF 
123678-HxCDF 
234678-HxCDF 
123789-HxCDF 
TOTAL HxCDF 
1234678-HpCDF 
1234789-HpCDF 
TOTAL HpCDF 
OCDF 

AMT (ng) 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

SURROGATE RECOVERY SUMMARY 

NUMBER DL 

0.015 
0.033 
0.085 
0.025 
0.025 
0.033 
0.033 
0.077 
0.077 
0.090 

0.118 
0.118 
0.288 
0.015 
0.045 
0.045 
0.020 
0.020 
0.022 
0.025 
0.022 
0.045 
0.043 
0.055 
0.073 
0.053 
0.062 
0.083 
0.070 
0.220 

EMPC 

0.415 

RATIO RT 

10.42 

----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

AMT (ng) 

8.69 
8.57 

14.27 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

86.90 
85.70 

142.70 

RATIO 

0.81 

1. 29 

RT 

28.29 
29.17 
38.14 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % REC. RATIO RT 

2378-13C12-TCDD 7.47 74.70 0.79 29.16 

13C12-PCDD 8.03 80.30 0.58 34.38 

13C12-HxCDD 9.59 95.90 1. 38 39.31 

13C12-HpCDD 8.62 B-99 86.20 1. 04 44.21 

13C12-0CDD 11.08 55.40 0.89 49.24 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: EW 
03/18/88 

10.00 

FILE NAME: M880980 CONCAL: M880971 

DATE: 
SAMPLEWT: 

SAMPLE ID: 
CASE N<D: 
PROJ NO: 

TLI BLANK-:#- 3 
ENTROPY 
8802192 

==========================================================================~ ' 
NAME CONC(ppb) NUMBER DL EMPC RATIO RT 

TOTAL MCDD ND 0.001 
TOTAL DCDD ND 0.001 
TOTAL TRICDD ND 0.003 
2378-TCDD ND 0.001 
TOTAL TCDD ND 0.001 
12378-PCDD ND 0.001 
TOTAL PCDD ND 0.001 
123478-HxCDD ND 0.001 
123678-HxCDD ND 0.001 
123789-HxCDD ND 0.001 
TOTAL HxCDD ND 0.046 5.10 
1234678-HpCDD ND 0.002 0.74 

TOTAL HpCDD ND 0.004 0.78 

OCDD 0.018 0.94 49.22 

TOTAL MCDF ND 0.001 
TOTAL DCDF ND 0.001 
TOTAL TRICDF ND 0.004 1. 31 

2378-TCDF ND 0.001 
TOTAL TCDF ND 0.001 1. 83 

12378-PCDF ND 0.001 
23478-PCDF ND 0.001 
TOTAL PCDF ND 0.001 
123478-HxCDF ND 0.001 
123678-HxCDF ND 0.001 
234678-HxCDF ND 0.001 
123789-HxCDF ND 0.001 
TOTAL HxCDF ND 0.001 
1234678-HpCDF ND 0.001 
1234789-HpCDF ND 0.001 
TOTAL HpCDF ND 0.001 
OCDF 0.001 0.79 49.35 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

CONC (ppb) 

0.86 
0.93 
1. 34 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

86.00 
93.00 

134.00 

RATIO 

0.79 

1. 26 

RT 

28.28 
29.17 
38.14 

--------------------------------------------------------
------------------~ --------------------------------------------------------------------------· 

NAME CONC (ppb) % REC. RATIO RT 

2378-13C12-TCDD 0.85 85.00 0.78 29.16 

13C12-PCDD 0.81 81.00 0.63 34.38 

13C12-HxCDD 0.63 63.00 1. 26 39.31 

13C12-HpCDD 0.95 95.00 1. 04 44.19 

13C12-0CDD 2. 10 F-100 105.00 0.89 49.21 



TRIANGLE LABORATORIES, INC. 
PCDD/PCDF ANALYSIS (D) 

ANALYST: MC 
03/20/88 

10.00 

FILE NAME: M881001 CONCAL: M880996 
DATE: 
SAMPLEWT: 

SAMPLE ID: 
CASE NO: 
PROJ NO: 

TL I BLANK 1t 4-
ENTROPY 
8802192 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC{ppb) NUMBER DL EMPC RATIO RT 

TOTAL MCDD ND 0.005 
TOTAL DCDD ND 0.013 
TOTAL TRICDD ND 0.022 
2378-TCDD ND 0.010 
TOTAL TCDD ND 0.010 
12378-PCDD ND 0.015 
TOTAL PCDD ND 0.015 
123478-HxCDD ND 0.008 
123678-HxCDD ND 0.005 
123789-HxCDD ND 0.010 
TOTAL HxCDD ND 0.009 3.12 
1234678-HpCDD ND 0.011 0.76 
TOTAL HpCDD ND 0.011 0.76 
OCDD 0.146 0.80 49.12 
TOTAL MCDF ND 0.005 
TOTAL DCDF ND 0.018 
TOTAL TRICDF ND 0.015 
2378-TCDF ND 0.005 
TOTAL TCDF ND 0.005 
12378-PCDF ND 0.008 
23478-PCDF ND 0.010 
TOTAL PCDF ND 0.008 
123478-HxCDF ND 0.005 
123678-HxCDF ND 0.003 
234678-HxCDF ND 0.005 
123789-HxCDF ND 0.008 
TOTAL HxCDF ND 0.005 
1234678-HpCDF ND 0.003 
1234789-HpCDF ND 0.005 
TOTAL HpCDF ND 0.005 
OCDF ND 0.020 

SURROGATE RECOVERY SUMMARY 
----------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

13C12-TCDF 
37CL-TCDD 
13C12-HxCDF 

CONC {ppb) 

0.91 
0.84 
1. 27 

INTERNAL STANDARDS RECOVERY SUMMARY 

% REC. 

91.00 
84.00 

127.00 

RATIO 

0.88 

1. 36 

RT 

28.21 
29.09 
38.06 

------------------------------------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % REC. RATIO RT 

2378-13C12-TCDD 0.32 32.00 0.81 29.08 
13C12-PCDD 0.37 37.00 0.55 34.32 
13C12-HxCDD 0.21 21.00 1. 27 39.22 
13C12-HpCDD 0.29 

B-101 
29.00 1.10 44.12 

13C12-0CDD 0.25 12.50 0.97 49.10 



ANALYST 
DATE 

SANPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

LKD 
3/19/88 

SANPLE #1 

FILE # 
CONCAL # 
TLI # 

S880934 
S880929 

2191 

------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

2378-TCDF 
2378-TCDD 

AMT (ng) 

4.78 
0.80 

SURROGATE RESULTS SUMMARY 

NA:-1E AMT (ng) 

37Cl-TCDD 10.51 

DL 

% RECOVERY 

105.12 

IKTERNAL STA~DARDS RECOVERY RESULTS 

\A:V1E 

2378-13C12-TCDD 
13C12-TCDF 

A:VIT ( ng) 

9.82 
9.55 

% RECOVERY 

98.15 
95.48 

B-102 

EHPC 

RATIO 

RATIO 

0.801 
0.755 

RATIO 

0.748 
0.772 

RT 

22.22 

RT 

22.21 
24.57 

RT 

24.58 
22.22 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

LKD 
3/19/88 

SAMPLE #2 

FILE # 
CONCAL # 

TLI # 

S880935 
S880929 

2191 

------------------------------------------------------------------------------------------------------------------------------------------------
NA:1E 

2378-TCDF 
·2378-TCDD 

ANT (ng) 

0. 13 
ND 

,SURROGATE RESULTS SUMMARY 

DL E:1PC 

0.02 

RATIO 

0.645 
0.614 

----------------------------------------------------------------------------------------------------------------------------
NAME AMT (ngl % RECOVERY RATIO RT 

'37Cl-TCDD 10.12 101.21 22.21 

·INTERNAL STANDARDS RECOVERY RESULTS 
--------------------------------------------------------------------------------------------------------------------------

NANE 

2378-13C12-TCDD 
13C12-TCDF 

AMT (ng) 

9.51 
9.41 

% RECOVERY 

95.12 
94.09 

B-103 

RATIO 

0.793 
0.758 

RT 

22.19 
24.56 

RT 

24.57 
22.21 



ANALYST 
DATE 

SANPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

LKD 
3/19/88 

SAMPLE #3 

FILE # 

COKCAL :;; 
TLI # 

S880936 
S880929 

2191 

------------------------------------------------------------------------------------------------------------------------------------------------
KAME 

2378-TCDF 
2378-TCDD 

AMT (ng) 

4.22 
0.64 

SURROGATE RESULTS SUMMARY 

DL El'IPC RATIO 

0.744 
0.764 

----------------------------------------------------------------------------------------------------------------------------
~AME AMT (ng) % RECOVERY 

37Cl-TCDD 10.49 104.91 

IKTERNAL STANDARDS RECOVERY RESULTS 

NA~!E 

2378-13C12-TCDD 
13C12-TCDF 

A:'-IT ( ng) 

8. 17 
8.24 

% RECOVERY 

81.70 
82.-l-l 

B-104 

RATIO 

RATIO 

0.808 
0.757 

RT 

22.20 

RT 

22. 19 
24.56 

RT 

24.57 
22.20 



ANALYST 
DATE 

SA~IPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

LI\D 
3/19/88 

SANPLE #4 

FILE # 
CONCAL :# 
TLI # 

s880937 
S880929 

2191 

c=================================================================~===== 
NAME 

,~378-TCDF 
2378-TCDD 

AMT (ng) 

0. 10 
ND 

DL EMPC 

0.02 

RATIO 

0.801 
0.459 

RT 

24.55 
22.20 

~-----------------------------------------------------------------------

SVRROGATE RESULTS SUMMARY 
----------------------------------------------------------------------------------------------------------------------------

NAME AMT (ng) % RECOVERY RATIO RT 

37Cl-TCDD 9.63 96.30 22.20 

iNTER~AL STANDARDS RECOVERY RESULTS 
------------------------------------------------------------,·------------------------------------------------------------

NAl'IE 

2378-13C12-TCDD 
.l3C 12 -TCDF 

AMT (ng) 

9.51 
9.30 

% RECOVERY 

95.08 
93.00 

B-105 

RATIO 

0.806 
0.750 

RT 

22.19 
24-.55 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

LKD 
3/19/88 

SA:'-'JPLE :F 5 

FILE # 
CONCAL # 
TLI # 

S880938 
S880929 

2191 

======================================================================== 
NAME 

2378-TCDF 
2378-TCDD 

AMT (ng) 

2.75 
0.44 

SURROGATE RESULTS SUMMARY 

DL EMPC RATIO 

0.742 
0.739 

============================================================== 
NAME AMT (ng) % RECOVERY 

37Cl-TCDD 10.49 104.85 

IKTERNAL STA~DARDS RECOVERY RESCLTS 

2378-13C12-TCDD 
13C12-TCDF 

A~JT (ng) 

8~51 
9.88 

% RECOVERY 

85.08 
98.80 

B-106 

RATIO 

RATIO 

0.811 
0.761 

RT 

22.18 

RT 

22.17 
24.54 

RT 

24.55 
22. 18 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

LKD 
3/20/88 

SAMPLE #6 

FILE # 
CONCAL # 
TLI # 

S880949 
S880941 

2191 

-------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

- ,'2378-TCDF 
2378-TCDD 

AMT (ng) 

0.02 
ND 

3URROGATE RESULTS SUMMARY 

DL EMPC 

0.01 

RATIO 

0.653 
0.348 

--------------------------------------------------------------- ~-------------------------------------------------------------
NAHE AMT (ng) % RECOVERY RATIO RT 

37Cl-TCDD 9.83 98.33 22.21 

[~TERNAL STANDARDS RECOVERY RESULTS 
- ~-------------------------------------------------------------------------------------------------------------------------

NAME 

. Z378-13C12-TCDD 
13C12-TCDF 

AMT (ng) 

11.07 
9.26 

% RECOVERY 

110.69 
92.61 

B-107 

RATIO 

0.812 
0.755 

RT 

22.20 
24.56 

RT 

24.57 
22.21 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

LKD 
3/19/88 

SAMPLE #7 

FILE # 
CONCAL # 

TLI # 

S880939 
S880929 

2191 

------------------------------------------------------------------------------------------------------------------------------------------------
NA:v!E 

2378-TCDF 
2378-TCDD 

AMT (ng) 

2.51 
0.43 

SURROGATE RESULTS SUMMARY 

DL EMPC RATIO 

0.752 
0.719 

----------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng} % RECOVERY 

37Cl-TCDD 11.35 113.45 

I~TERNAL STANDARDS RECOVERY RESULTS 

2378-13C12-TCDD 
13C12-TCDF 

A:lT ( ng) 

8.76 
9.61 

% RECOVERY 

87.65 
96.07 

B-108 

RATIO 

RATIO 

0.800 
0.750 

RT 

22.20 

RT 

22.19 
2-±.56 

RT 

24.57 
22.21 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

LKD 
3/20/88 

SAMPLE #8 

FILE # 
CONCAL # 
TLI # 

S880944 
S880941 

2191 

------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

8378-TCDF 
2378-TCDD 

AMT (ng) 

0.52 
0.06 

3URROGATE RESULTS SUMMARY 

DL EMPC RATIO 

0.752 
0.671 

--------------------------------------------------------------- ---------------------------------------------------------------
NAME AMT (ng) % RECOVERY RATIO RT 

37Cl-TCDD 9.75 97.45 22.20 

[NTERNAL STANDARDS RECOVERY RESULTS 
-~============================================================ 

NAME 

. ;~378-13C12-TCDD 
13C12-TCDF 

AMT (ng) 

9.39 
7.83 

% RECOVERY 

93.92 
78.26 

B-109 

RATIO 

0.807 
0.741 

RT 

22. 19 
24.55 

RT 

24.57 
22.20 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

JAJ 
3-22-88 

SAMPLE #9 

FILE # 
CONCAL # 
TLI # 

S880969 
S880964 

2192 

------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

2378-TCDF 
2378-TCDD 

AMT (ng) 

0.01 
ND 

SURROGATE RESULTS SUMMARY 

DL EMPC 

0.01 

RATIO 

0.797 
0.314 

----------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % RECOVERY RATIO RT 

37Cl-TCDD 11 . 05 110.47 22. 18 

INTERNAL STANDARDS RECOVERY RESULTS 
--------------------------------------------------------------------------------------------------------------------------

NAME 

2378-13C12-TCDD 
13C12-TCDF 

AMT (ng) 

8.77 
7.36 

% RECOVERY 

87.66 
73.62 

B-llO 

RATIO 

0.812 
0.749 

RT 

22.17 
24.54 

RT 

24.54 
22. 1 7 

001 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

LKD 
3/20/88 

SAMPLE #10 

FILE # 
CONCAL # 
TLI # 

S880945 
S880941 

2191 

~======================================================================= 
NAME 

2378-TCDF 
'~378-TCDD 

ANT (ng) 

2.50 
0.45 

~URROGATE RESULTS SUMMARY 

DL EMPC RATIO 

0.737 
0.784 

----------------------------------------------------------------------------------------------------------------------------
NAME AMT (ng) % RECOVERY RATIO RT 

'7Cl-TCDD 10.90 109.03 22.20 

. 'NTERNAL STANDARDS RECOVERY RESULTS 
·-----------------------------------------------------------------------------------------------------------------------

NAHE 

378-13C12-TCDD 
13C12-TCDF 

AMT (ngJ 

8.12 
8.21 

% RECOVERY 

81.25 
82. 13 

B-lll 

RATIO 

0.818 
0.768 

RT 

22.19 
24.55 

RT 

24.56 
22.20 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

LKD 
3/20/88 

SAMPLE #11 

FILE # 
CONCAL # 
TLI # 

5880946 
5880941 

2191 

------------------------------------------------------------------------------------------------------------------------------------------------
~AME 

2378-TCDF 
2378-TCDD 

AMT (ng) 

0. 17 
ND 

SURROGATE RESULTS SUMMARY 

DL EMPC 

0.03 

RATIO 

0.712 
0.592 

----------------------------------------------------------------------------------------------------------------------------
~ANE Ali.JT ( ng) % RECOVERY 

37Cl-TCDD 9.99 99.86 

I~TER~AL STANDARDS RECOVERY RESULTS 

2378-13Cl2-TCDD 
13C12-TCDF 

_-\rv1T ( ng) 

8.40 
7. 66 ' 

% RECOVERY 

84.04 
76.56 

B-112 

RATIO 

RATIO 

0.808 
0.743 

RT 

22.20 

RT 

22. 19 
24.56 

RT 

24.57 
22.20 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

LKD 
3/20/88 

SAMPLE :#12 

FILE # 
CONCAL # 
TLI ;;: 

S880947 
S880941 

2J91 

------------------------------------------------------------------------------------------------------------------------------------------------' 
NAME 

2378-TCDF 
. '~378-TCDD 

AMT (ng) 

0.03 
ND 

~URROGATE RESULTS SCMMARY 

DL ENPC 

0.01 

RATIO 

0.718 
0.364 

·------------------------------------------------------------·-------------------------------------------------------------
NAME Ai"lT ( ng l % RECOVERY RATIO RT 

. :7Cl-TCDD 9.80 98.04 22.21 

~NTERNAL STANDARDS RECOVERY RESULTS 
·-----------------------------------------------------------·------------------------------------------------------------

NANE 

378-13C12-TCDD 
· ...:3C12-TCDF 

AMT (ng) 

8.31 
7.25 

% RECOVERY 

83.07 
72.51 

B-113 

RATIO 

0.827 
0.768 

RT 

22.20 
24.57 

RT 

24.57 
22.20 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, I~C 

2,3,7,8-TCDD/TCDF ANALYSIS 

JAJ 
3-22-88 

SAMPLE #13 

FILE # 
CONCAL # 
TLI # 

S880970 
S880964 

2192 

------------------------------------------------------------------------------------------------------------------------------------------------NAME 

2378-TCDF 
2378-TCDD 

CONC (ppb) 

0.0004 
ND 

SURROGATE RESULTS SUMMARY 

DL EMPC 

0.001 

RATIO 

0.877 
0.256 

----------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % RECOVERY 

37Cl-TCDD 1. 02 104.18 

INTERNAL STANDARDS RECOVERY RESULTS 

~AME 

2378-13C12-TCDD 
13C12-TCDF 

COl\C (ppb) 

1. 04 
0.90 

% RECO\'ERY 

106.40 
92.09 

B-114 

RATIO 

RATIO 

0.832 
0.760 

RT 

22.18 

RT 

2 2. 1 7 
24.53 

RT 

24.54 
22. 17 

001 



ANALYST, 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

JAJ 
3-22-88 

SAMPLE #14 

FILE # 
CONCAL # 
TLI # 

S880973 
S880964 

2192 

------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

2378-TCDF 
2378-TCDD 

CONC (ppb) 

0.03 
0.005 

SURROGATE RESULTS SUMMARY 

DL EMPC RATIO 

0.741 
0.689 

----------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % RECOVERY RATIO RT 

37Cl-TCDD 1. 10 111.12 22.17 

INTERNAL STANDARDS RECOVERY RESULTS 
--------------------------------------------------------------------------------------------------------------------------

NAME 

2378-13C12-TCDD 
13C12-TCDF 

CONC (ppb) 

0.55 
0.52 

% RECOVERY 

55.68 
52.03 

B-115 

RATIO 

0.830 
0.763 

RT 

22.16 
24.52 

RT 

24.54 
22.17 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

JAJ 
3-22-88 

SAMPLE #15 

FILE # 
CONCAL # 
TLI # 

S880972 
S880964 

2192 

------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

2378-TCDF 
2378-TCDD 

CONC (ppb) 

0.03 
0.01 

SURROGATE RESULTS SUMMARY 

DL EMPC RATIO 

0.756 
0.667 

----------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % RECOVERY RATIO RT 

37Cl-TCDD 1 . 0 7 108. 14 22. 1 7 

INTERNAL STANDARDS RECOVERY RESULTS 
--------------------------------------------------------------------------------------------------------------------------

NAME 

2378-13C12-TCDD 
13C12-TCDF 

CONC (ppb) 

0.64 
0.58 

% RECOVERY 

64.71 
58.99 

B-116 

RATIO 

0.834 
0.755 

RT 

22. 16 
24.54 

RT 

24.54 
22. 18 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

JAJ 
3-22-88 

SAMPLE #16 

FILE # 
CONCAL # 
TLI # 

S880971 
S880964 

2192 

======================================================================== 
NAME 

2378-TCDF 
2378-TCDD 

CONC (ppb) 

0.25 
0.04 

DL EMPC RATIO 

0.774 
0.756 

RT 

24.53 
22. 1 7 

.. ------------------------------------------------------------------------
SURROGATE RESULTS SUMMARY 
============================================================== 

NAME CONC (ppb) % RECOVERY RATIO RT 

37Cl-TCDD 1 . 1 2 106.95 22. 1 7 

INTERNAL STANDARDS RECOVERY RESULTS 
--------------------------------------------------------------------------------------------------------------------------

NAME 

2378-13C12-TCDD 
13C12-TCDF 

CONC (ppb) 

0.71 
0.63 

% RECOVERY 

67.76 
59.99 

R-117 

RATIO 

0.832 
0.754 

RT 

22. 16 
24.52 

001 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

JAJ 
3-22-88 

SAMPLE #17 

FILE # 
CONCAL # 
TLI # 

S880977 
S880964 

2192 

------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

2378-TCDF 
2378-TCDD 

CONC (ppb) 

0.62 
0.09 

SURROGATE RESULTS SUMMARY 

DL EMPC RATIO 

0.740 
0.759 

----------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % RECOVERY RATIO RT 

37Cl-TCDD 1. 04 104.70 22.17 

INTERNAL STANDARDS RECOVERY RESULTS 
--------------------------------------------------------------------------------------------------------------------------

NAME 

2378-13C12-TCDD 
13C12-TCDF 

CONC (ppb) 

0.78 
0.72 

% RECOVERY 

78.21 
71.96 

B-118 

RATIO 

0.811 
0.749 

RT 

22.16 
24.52 

RT 

24.53 
22.17 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

JAJ 
3-22-88 

SAMPLE #18 

FILE # 
CONCAL # 
TLI # 

S880975A 
S880964 

2192 

------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

2378-TCDF 
2378-TCDD 

CONC (ppb) 

0.15 
0.03 

SURROGATE RESULTS SUMMARY 

NAME CONC (ppb) 

37Cl-TCDD 1. 06 

DL 

% RECOVERY 

106.98 

INTERNAL STANDARDS RECOVERY RESULTS 

NAME 

2378-13C12-TCDD 
13C12-TCDF 

CONC (ppb) 

0.93 
0.89 

% RECOVERY 

93.92 
90.57 

B-119 

EMPC 

RATIO 

RATIO 

0.834 
0.761 

RATIO 

0.772 
0.752 

RT 

22.16 

RT 

22.15 
24.51 

RT 

24.52 
22.17 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

JAJ 
3-22-88 

SAMPLE 19 

FILE # 
CONCAL # 
TLI # 

S880976 
S880964 

2192 

------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

2378-TCDF 
2378-TCDD 

AMT (ng) 

0.02 
ND 

SURROGATE RESULTS SUMMARY 

DL EMPC 

0.01 

RATIO 

0.833 
0.271 

----------------------------------------------------------------------------------------------------------------------------
NAME AMT ( ng) % RECOVERY RATIO RT 

37Cl-TCDD 10.56 105.58 22. 16 

INTERNAL STANDARDS RECOVERY RESULTS 
--------------------------------------------------------------------------------------------------------------------------

NAME 

2378-13C12-TCDD 
13C12-TCDF 

AMT (ng) 

4.74 
4.38 

% RECOVERY 

47.40 
43.85 

B-120 

RATIO 

0.827 
0.763 

RT 

22. 1 5 
24.51 

RT 

24.52 
22.15 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDO/TCDF ANALYSIS 

LKD 
3/20/88 

SAMPLE #20 

FILE # 
CONCAL # 
TLI # 

S880948 
S880941 

2191 

======================================================================== 
NAME 

2378-TCDF 
2378-TCDD 

AMT (ng) 

ND 
ND 

SURROGATE RESULTS SUMMARY 

DL EMPC 

0.01 
0.01 

RATIO 

1.000 
0.294 

============================================================== 
NAME AMT (ng) % RECOVERY RATIO RT 

: 7Cl-TCDD 9.83 98.31 22.20 

INTERNAL STANDARDS RECOVERY RESULTS 
--------------------------------------------------------------------------------------------------------------------------

NAME 

2378-13C12-TCDD 
13C12-TCDF 

AMT (ng) 

8.29 
6.81 

% RECOVERY 

82.88 
68.05 

B-121 

RATIO 

0.812 
0.762 

RT 

22.19 
24.56 

RT 

22. 19 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

JAJ 
3-22-88 

SAMPLE #21 

FILE # 
CONCAL # 
TLI # 

S880980 
S880964 

2192 

------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

2378-TCDF 
2378-TCDD 

CONC (ppb) 

0.0004 
1. 68 

SURROGATE RESULTS SUMMARY 

DL EMPC RATIO 

0.758 
0.801 

----------------------------------------------------------------------------------------------------------------------------
NAME CONC (ppb) % RECOVERY RATIO RT 

37Cl-TCDD 1. 07 107.75 22.15 

INTERNAL STANDARDS RECOVERY RESULTS 
--------------------------------------------------------------------------------------------------------------------------

NAME 

2378-13Cl2-TCDD 
13Cl2-TCDF 

CONC (ppb) 

0.67 
0.51 

% RECOVERY 

68.10 
52.05 

R-122 

RATIO 

0.821 
0.762 

RT 

22.14 
24.50 

RT 

24.50 
22.15 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

JAJ 
3-22-88 

SAMPLE #22 

FILE # 
CONCAL :If 
TLI :If 

S880979 
S880964 

2192 

======================================================================== 
NAME 

2378-TCDF 
2378-TCDD 

AMT (ng) 

1 . 55 
0.60 

SURROGATE RESULTS SUMMARY 

DL EMPC RATIO 

0.762 
0.722 

============================================================== 
NAME AMT (ng) % RECOVERY RATIO RT 

37Cl-TCDD 10.89 108.92 22. 1 7 

INTERNAL STANDARDS RECOVERY RESULTS 

============================================================= 
NAME 

2378-13C12-TCDD 
13C12-TCDF 

AMT (ng) 

8.35 
7.40 

% RECOVERY 

83.52 
74.04 

RATIO 

0.827 
0.761 

RT 

22. 16 
24.51 

RT 

24.52 
22.17 



ANALYST 
DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

JAJ 
3-22-88 

SAMPLE #23 

FILE # 
CONCAL # 
TLI # 

S880978 
S880964 

2192 

------------------------------------------------------------------------------------------------------------------------------------------------
NAME 

2378-TCDF 
2378-TCDD 

AMT (ng) 

1 . 36 
0.96 

SURROGATE RESULTS SUMMARY 

DL EMPC RATIO 

0.737 
0.772 

============================================================== 
NAME AMT (ng) % RECOVERY RATIO RT 

37Cl-TCDD 10.56 105.57 22. 17 

INTERNAL STANDARDS RECOVERY RESULTS 
--------------------------------------------------------------------------------------------------------------------------

NAME 

2378-13C12-TCDD 
13C12-TCDF 

AMT (ng) 

9. 12 
8.34 

% RECOVERY 

91 . 21 
83.36 

B-124 

RATIO 

0.813 
0.736 

RT 

22.16 
24.51 

RT 

24.52 
22.17 



ANALYST 
" l 

DATE 

SAMPLE ID 

TRIANGLE LABORATORIES, INC 
2,3,7,8-TCDD/TCDF ANALYSIS 

JAJ 
3-22-88 

TLI BLANK 1f" 3 

FILE # 
CONCAL # 
TLI # 

S880974 
S880964 

2192 

' -----------------------------------------------------------------------------------------------------------------------------------------------
?'-JAME 

,2378-TCDF 
2378-TCDD 

CONC !ppbl 

:m 
ND 

DL 

0.0003 

EMPC 

0.001 

RATIO 

1.000 
o.:no 

RT 

22.18 
- ~------------------------------------------------------------------------

SURROGATE RESULTS SUMMARY 
--------------------------------------------------------------1 _____________________________________________________________ _ 

:-JAME CONC !ppb) % RECOVERY RATIO RT 
·--------------------------------------------------------------

37Cl-TCDD 1. 08 108.24 22.17 

INTERNAL STANDARDS RECOVERY RESULTS 
-·============================================================= 

NAME 

2378-13C12-TCDD 
13C12-TCDF 

CONC (ppb) 

0.31 
0.30 

% RECOVERY 

31.06 
29.97 

. B-125 

RATIO 

0.831 
0.768 

RT 

2 2. 1 (:) 
24.52 
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Dear Ms. Carver: 

Analysis of your compounds gave the following results: 

Your#, Our#, %Carbon, %Ash, 

Ash Bottom Z-772 2.81 81.62 
Comb B 

Ash Econ/Gen Z-773 3.99 90.01 
Comb B 

Ash Spray Dryer Z-774 2.46 90.27 
Comb B 

Ash ESP 2&3 Z-775 2.40 88.15 

Comb B 

Ash 3 Comb 3 Z-776 1.83 91.46 

Ash ESP All Z-777 1.08 87.12 
Comb B 

1.5 hours Carbon 
3.0 hours Ash 

VELMA M. RUSSELL 
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2323 SYCAMORE DR. 

KNOXVILLE, TN 37921-1750 

March 15, 1988 
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APPENDIX C 

SAMPLING AND ANALYTICAL PROCEDURES 

• ASME/EPA/DOE Protocols for Sampling and Analysis 
of CDD/CDF 

• Triangle Laboratories Case Narrative for Analysis 
of CDD/CDF 

e ASTM Method E 777-81 
e ASTM Method E 830-81 
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1.1.) Crclone In Plltor loo (optlonol) DRAFT 
Tho cpclone oholl ~. conotructod of ~oroolllcote 1loae with 

connoctl•l flttln1a that awo capable of fornln1 lnnk-froa, 
wncuun-tllht conaactloaa wlthnut wolnl onollna arnooeo. 

1.1.• Plltor lnotl•l lrotaa 

Tho hootln1 opotnn auot be copoblo of nalutolnln1 o tanp~ro
turn around the filter balder (ond cpclono, If uood) durlal ooapl
lna of 120!14°C (241!2, 0r). A to:porota'o 1••1• copoblo of 
nooaurl•l tonparoturo to wlthlo l C (,,, P) oholl bo laotoll•d oo 
that tho toaporoturo •r•••• the flltor hoi••• coo bo roaulot•• ••• 
uonltorad durla1 oonpll•l• 

1.1.1 lolld lorbont Nodule 

Aaberllta IAD-2• raolo (IAD-2), coofl••• In o trop, aholl be 
uaed ·ao tho oorbant. The oorbant aodulo oholl be aodo of alooo 
with connectlna flttloao thot ora ohio to fara look-fran, oor.uun
tlaht oaolo without aoo ef ooolont araoooo (PliO• 2 ••• l), Tho 
IAD-2 crop awot bo lo o oortlcol paoltlon. It lo proc•••• ~~ o 
coll-trpa co•••••or, oloo orloot•• oortlcollr, with clrcwlotlnl 
colt woto,. Goo onterl•l tho oorboot ao•alo nuot bo nolntol~•• at 
(20 C (61 P). Gao tonporoturo aholl bo aooltoro• br o thorno
coupla plac•• althor nt tho lnlot or aolt of tho aorboat trop. 
Tho oorbnnt ••• nuot be flralr pack•• a•• oncarnd In place tn 
prowont oottll•l or channnll•l durlae ooaplo collection. Gr~wnd 
11••• capo (or ·~•l•alont) ouat be proolda• to nool tho oorboat
flll•• trop both prior to nod followlnl aanpll•l• All norbnnt 
aodulan aunt be nnlntnl••• In the wnrtlcal pooltloo durl•l •••pl-
1•1• 

1.1.1 •• , ...... 

Pour or nora lnplnanro vlth conanctlnl flttln1o able to lora 
leo•-free, wacuun-tlaht oeola without oealoat areooea vhan ccn
nected toaether, oholl be uood. All lnploaero are of tho 
Creonbura-lalth doolan nodlflod bp replocln1 the tip with l.l en 
(1/2 ln.) ID 1looo tuba oaten•l•l to l.l ca (1/2 ln.) fron tte 
botton of the flook. 

7.1.9 Hotorlnl Sroten 

The aetarln1 opotea ahnll conolot of o wocuua 1••1•. o leok
'1•• r•:•• thernonetera copable of aeoourln1 tonperoturo .to ulthlo 
l C (-5 r), o drp 1•• neter vlth 2 percent occurncp ot the 
required ooaplln1 rate, ond rnlotnd nqulpaont, or equlwnlent. 

1.1.10 loroneter 

Hercury, •nerold. or other baro•eter• capeble of ••••urln& 
otaoopherlc preooure to vlthla 2.5 11 (O.l ln. II) oholl be uaed. 

-~-

4S.I oM 
C 11 ln.) 

T 
11.1 CM 

(I 112 ln.) 

l 
0.0. 4.7 CM 
12 114 ln.) 
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The poaltlwa ••••tlflcatlon an• •uaatlltcatlon of apeclflc 

coepou••• Ia thla •••••••••t ol llltloaarr to•wentloaal ~o•~••llon 

ooorcoo lo •11•1r ••••••••t oo t•• lotoarlty of tho •••plee 

r•c•l••• ••• t~a preclalo• ••• aecurecr of all •••lrrlcal p~oce

••••• oaplor••· ·Tho qa proc•••r•o •••••I••• In rhlo ••crlo• •••• 

•••ll••• te •••Iter tke perlor•••c• of t~• •••rltna ••tho•• ••• to 

prowl•• toloreatlo• to taka corractlwa •~tlooa II •~·~•••• are 

o~oar•••· 

fhU llaoko 

T•• llol• •••••• ••oul• ~~ ••~altto• •• porl ol tho oooploe 

collocl•• ot ••c• portlcalor tootln& olto. Theeo ••••k• ohoul• 

cooelot of ootorlolo t••t oro •••• for ooaple colloctloo ••• 

otor•a• ••• oro ••poet•• to •• ••••l•• with •••ctlr ••• •••• 

proc••••• •• ••c• •••••• ••••••· 

llook Trelo 

For aath aorlae ol teet ruaa 1 eat up o ~lank t~•l• In o •onner 

l•ontlcol to t•oa ••ocrlho• •••••• ••• with t•• proho l•lel copp•• 

wlch ••••••-•1•••• •••••••• foil ••• r•• oolt ••• of tho loet 

laploaer copp•• wit• 1 aro••• 11100 cop. Allow tho trolo to 

reoala aaao•bl•• for o parlo• •••l•alaot to ona teat •••· loco••~ 

tho ~•••• oeaplo •• •••crl~•• lo lee. J,J, 
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. Scope and Applicability of Method 

The analytical procedures described here are applicable for the 
'ter.lnatlon of polychlorinated dlbeRao-p-dloalfti(PCDO) and dtbenzo
•r•ns(PCDf) In stack effluents fro. ca.bustiDR processes. These .. thods 
·e also applicable to residual c011bustl011 prvcluctl such n bolt• and 
·eclpltator ash. The .. tbads presented entail addition of lsotoplcaTiy
•beled Internal standards to all sa.ples Ia kROWn quantities, eatractlon 
f the sa.ple Mlth appropriate organic solvents, prell•lnary fractionation 
1d cleanup of the eatracts uslnt 1 sequeace of liquid chrM~tography 
1lu.ns, and analysis of the processed eatrect for PCDO and PCDF ,using 
1upltd gas ch..-totrap!Qo - •ss spectr ... try (CC-115). Various 
!rforNnca criteria are specified hereto Mhlch the analytical data 
1st satisfy for quality assurance purposes. These represent •lnlouo 
·lterla Mhlch ~st be Incorporated Into any protrl• In which PCDD 
1d PCDF are deterotned In cCIIIbustlu product naples. 

The .. thod presented here does not yield definitive lnforoatlon on 
11 concentration of Individual PCOO/PCDf ls ... rs, eacept lor 2,3,7,1-
!trachlorodllllnzo-p-dloaln (TCDD) and 2,3,7,1-Tetrachlorodlllenzofuran 
rCDF). Rather, It Is designed to Indicate the tot1l concentration of 
1e lsooers of several chlorinated classes of PCDD/PCDF (that Is, total 
!tra-, penta-, heaa-, hept1-, 1nd oct1chlorln1ted dlblnzo-p-dloatns 1nd 
ibenzofurans). Of the 75 separ1te PCDD 1nd 135 PCDf lsoaers, there 
•e 22 TCOD, 38 TCDF, 14 PeCDD, 21 P.CIIF, 10 HaCDO, 16 HaCOF, 2 HpCDD, 
HpCDF, I OCDD and I OCDF. 1 

The 1nalytlc1l .. thod presented herein Is Intended to lie applicable 
1r deterolnlng PCDO/PCIIF presut In cCIIIbustlon products at the ppt to 
,. level, but the sensitivity which c1n ultl .. telr be achieved for 1 
iwen SIIIPie Mill depend upon the types 1nd concentr1t1ons of other cheolcll 
~unds In the s1ople. 

The .. thod described here oust be tople.ented by or under the • 
~pervtslon of che•lsts Mlth eaperlence In handling supertoatc .. terlals 
~d analyses should only be perfo,..d In rigorously controlled, ll•lted 
:cess labor1torles. The quantltatton of PCDO/PCOF should lie accoopltshed 
nly by analysts eaperlenced In utilizing ca~lllary-colu.n gas chrM~totrlphy
sss spectrooetry to 1ccoopllsh quantltatlon of chlorocarbons and sl•llar 
,_,ounds at very IDM concentration. 
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The toxicological data which are available for the PCDD and PCOf are 

far lroa COIIPiete. That Is, the toxicological properties of all of 
the tsoaers COIIPrlslng the 75 possible PCDD and 135 possible PCDf are 
not presently knOMR. HoNever, 1 considerable body of toalcologlcal 
data ealsts for 2,3,7,1-TCDD which Indicates that, In certain ant .. l 
species, this coapound Is lethal at eatraordlnarllr IDM does and causes 
1 •Ide range of syst .. lc affects, Including hepatic disorders, carctRM~ 
and birth defects. While ouch less dati Is avatleble regarding the 
toalcology of 2,3,7,1-TCDF, sufficient d1t1 Is 1vellable to foro the 
basis for the belief th1t Z,3,7,1-TCDF Is sl•llar In Its toalcologlcal 
properties to 2,3,7,1-TCDD. lelatlvelr little Is known ebout the toal
cology of the higher chlorinated PCDD and PCDF (that ts, penta through 
octachlorlnated PCOD/PCDF), although there Is s ... data to suggest that 
certlln pentl-, heu-, lnd heptl- PCIIO/PCOF 1s ... rs 1re hazardous. In 
view of the eatraordlnar,r toatclty of 2,3,7,1-lCDD and In •lew of the 
eaceptlonal blolo,lcal acttvltr of this coopound (on the llasls of enzYOt 
Induction 1ssays and of coopeunds hiving sl•llar oolecular structures. 
eatenslve precaut ons are required to preclude eaposure to personnel 
during handling 1nd analysis of .. terlals containing these coopounds and to 
prevent conta•lnatlon of the laboratory. Specific safety and handling 
procedures Nhlch are rec .... nded are given In the Appendla to this protocol. 

•• The abbre•latlons Mhlch are used to designate chlorinated dlbenzo-p
dloatns and dlbenzofurans throughout this docuoent are as foiiDMs: 

PCDD - ~ or all of the 75 possible chlorinated dlbenzo-p-dtoatn Isomers 

PCDF - Any or all of the 135 possible chlorinated dlbenzofuran lsooers 

TCDD - Any or all of the 2Z possible tetrachlorlnated dlbenio-p-dloaln ls ... rs 

lCDF - Any or all of the 138 possible tetrachlortnated dlbenzofuran ls ... rs 

PeCDD - Any or 111 of the 14 possible pentachlorlnated dlbenzo-p-dloaln lsMtrs 

PeCDF - ~ or 111 of the 21 possible penllchlorlnated dlbenzofuran ls ... rs 

HaCDD - ~ or all of the 10 possible hexachlortnated dlbenzo-p-dloaln tsMers 

HICDF - Any or all of the 16 possible heaachlorlnated dlbensofuran ts ... rs 

HpCDO - Any or all of the 2 possible heptachlorlnated dlbenzo-p-dloatn lsMtrs 

HpCDF - ~ or all of the 4 possible heptachlorlnated dlbenzofuran tso.ers 

OCDD - Octachlorodlbenzo-p-dtoatn 

OCDF - Octachlorodlbenzofurln 

Specific lsooers. - Any of the 1bbrevlatlons cited above .ay be converted to 
"slgnate 1 specific lsMtr by Indicating the eaact positions (carbon ato.s) 
Mhere chlorlnes are located •lthln the oolecule. for eaaople, 2.3,7,8-TtDO 
refers to only one of the Z2 possible ICDD lsa.ers - th1t tsoaer Mhich Is 
chlorinated In the 2,3,7,8 positions of the dlbenzo-p-dloaln ring structure. 
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2. Reagents and C~lcals 

lhe following reagents and ch~lcals are appropriate for use In these 
procedures. Jn all cases, equivalent .. terlals f~ other suppliers 
.. , also be used. 

2.1 Potassi~ Hydroxide, Anhydrous, &ranular Sodlu. Sulfate and 
Sulfuric Acid (all Reagent Grade): ~. T. Iaker Ch~lcal to. or Fisher 
Scientific Co. lhe granular sodl~ sulfate Is purified pr1or to use 
by placing 1 beaker containing the sodl~ sulfate In 1 400 C oven for 
four hours, then re.ovlng the beaker and allowing It to cool In 1 desiccator. 

Store the purified sodl~ sulfate In 1 bottle equipped with 1 Teflon-
1 lned screw cap •. 

2.2 Hexane, Hethylene Chloride, Benzene, Hethlnol, loluene, 
lsooctane: •o1stllled ln-&l1ss• Burdick 1nd ~Ietson. 

2.3 lrldecane (Reagent Grade): Sl,.a Ch~lcal Co. 

2.4 Basic Alu.lna (Activity Grade 1, 100- ZOO .. shl: ICN 
Phan.Aceutlcals. l ... dlately prior So use, the 1l~lna s activated by 
heating for at least 16 hours at 600 C In 1 .uffle furnace and then 
allowed to cool In 1 desiccator for at least 3D •lnutes prior to use. 
Store pre-conditioned 1lu.lna In 1 de~l~cator. 

2.5 Silica (llo-SII A.I00/200 .. sh): llo-Aid. lhe following 
procedure Is reco..ended for conditioning the llo-SII A prior to use. 
Place an appropriate quenttty of llo-SII A In I 30 M X 300 .. long . 
glass tube (the silica gel Is held In place by glass wool plugs) which 
Is placed In a tube furnace. The glass tube Is connected to 1 pre
purified nitrogen cylinder, through 1 lerles of four traps (stainless 
steel tubes, 1.0 c• 0.0. x 10 c• long) : 1) lrap No. I - Mixture 
ca.prlsed of Chra.osorb W/AW (60/10 .. sh coated with 51 Aplezon l), 
Graphite (utP-1-100), Activated Clrbon (SO to 200 .. sh) In 1 7:1.5:1.5 
ratio (Chra.osorb W/AW, Aplezon l obtained fra. Supelco, Inc., Graphite 
obtained f~ Ultracarbon Corporation, 100 .. sh, 1-H-USP; Activated 
Carbon obtained fra. Fisher Scientific Co.);Z) lrap No.2- Molecular 
Sieve 13 X (60/BO .. sh). Supelco, Inc.; 3) lrap No. 3 - Carbosleve S • 
(B0/100 .. sh), obtained Ira. Supelco, Inc.; 4) The Bio-S II A Is heated 
In the tube for 3D •lnutes at l80°C while purging with nitrogen (flow 
rate 50-100 .t/•lnute), and the tube Is then r~ved fro. the furnace 
and allowed to cool to roa. te~erature. Hethanol (175 .L) Is then 
passed through the tube, followed by 175 .t methylene chloride. The 
tube containing the silica Is then returned to the furnace, the nitrogen 
purge Is again established (50-100 .t flow) and the tube Is heated at 
~0°~ for 10 •inutes, then the temperature li gradually Increased to 
180 ( over 25 •inutes and .. tntained at 180 C for 90 •lnutes. Heating 
Is then discontinued but the nitrogen purge Is continued until the tube 
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• cools to ~ t.-perature. Finally, the silica Is transferred to a clean, 

dry, glass bottle and capped with 1 leflon-llned screw cap for.storage. 

2.6 Silica Gel l.,regnated With Sulfuric Acid: Concentrated sulfuric 
acid (44 g) Is ca.blned wit~ 100 1 llo-SII A (conditioned as described 
above) In I screw capped bottle and agitated to •I• thoroughly. Aggre
gates are dispersed with 1 stirring rod untt1 a unlfo,. •lature Is obtained. 
The H2so4-sl11ca gel Is stored In 1 screw-capped bottle (leflon-llned cap). 

2.7 Silica &el l.pregnated with Sodlu. Hydroxide: IN Sodlu. 
hydroxide (lt g) Is ca.blned with 100 g llo-SII A (conditioned as 
described above) In 1 screw capped bottle and agitated to •lx throughly. 
Aggregates are dispersed with 1 stirring rod until 1 unlfo,. •lxture Is 
obtained. The laOH-slllca 1el Is stored In 1 screw-capped bottle 
(ldlon-ltned cap). 

2.1 Carbon/Cellte: 
Carbon: Al-21 Carbon, Anderson Oewelo,.ent Co., Adrian, Klch. 4g221 
Cellte 545: Fisher Scientific Co 

Ca.blne AX-21 Carbon (10.7 g) wlth_Cellte 545 (124 g) In •-. 
ZSO .t glass bottle fitted with a leflon-llned cap. Agitate the •lature 
to coablne thorough1J. Store In the screw-capped bottle. 

2.g Sepralyte Dlol (40p): Ana1Jtlc~ International 

2.10 Nitrogen and Hydrogen (Ultra High Purity): Matheson Scientific 

3. Apparatus and Materials 

Th~ following applratus and .. terla1s are appropriate for use In these 
procedures. In all cases, equivalent lte .. fro. other suppliers .. Y 
also be used. 

3.1 ~1assware used In the analytical procedures (Including the 
Soxhlet apparatus and disposable bottles) Is cleaned by rinsing successively 
three tt .. s with .. thanol and lhen three tl .. s with .. thy1ene chloride, 
and finally drying It In 1 100 Coven. Bottles cleaned In this .. nner 
are allowed to cool to roo. te.perature and are then capped using leflon
lined lids. Teflon cap liners are rinsed as· just described but are 
allowed to air-dry. More rigorous cleening of some glassware with 
detergent .ay be required prior to the solvent rinses, for exa~1e, the 
glassware employed for Soxh1et extraction of samples. 
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3.1.1 S1q~le Vnseh: 125 ... and 250 ... flint glass bottles fltt~d 

with sC~IM caps and teflon cap liners, and glass lest lubes, VWR~Sclentlftc. 

3. 1.2 teflon Cap liners: Scientific ~pecl1lltles Se~vlce, Inc. 

3.1.3 Soxhlet Apparatus: E•tractlon appa~atus, Alllhn condense~. 
ll .. a Brand, -.ertcan Scientific Products Cat. Mo. E6252·2A. 

3.1.4 Gravity FIOM liquid Ch~tographlc Coluans: Custu. 
Fab~icated (Details of the colu.ns are provided In later sections). 

3.1.5 Hicro-vlals (3.0 .t): Reliance 'lass. 

3.2 Capillary Gas Chra.atographlc Colu.ns: TND different coiUIRs are 
required If data on both 2,3,7,1-TCOO and 2,3,7,1-TCOF, as Nell as on 
the total PCOD/PCOF br chlorlnate4 class,are desired. The appropriate 
colu-.s are: 1) A fused silica colu.n (60 H • 0.25 .. J.D.) coated 
with DB-5 (0.25 u fi1• thickness), J I W Scientific, Inc., Rancho Cordova, 
Calif., Is utilized to separate each of the several tetra-th~ough 
octachlorlnated COOs and COFs, as a yroup, fro. all of the other groups. 
While this colu.n does not resolve a I of the tso.ers within each 
chlorinated group, It effectively resolves each of the chlorinated 
groups fro. all of the other chlorinated groups and thereto~• provides 
d1ta on the tot1l concentration of each group (that Is, total tetr1-, · 
penta-, he••-, hepta- and octa COOs and CDfs). This coiUIR also 
resolves 2,3,7,1-TCDO fro. all of the other 21 lCOD isa.ers and this 
tsu.er can therefore oe deter•ined quantitatively If proper c1llbr1tion 
procedures are 1pplled as described further In 1 l1ter section. This 
colu.n does not ca.pletely resolve 2,3,7,8·1CDF fro. the other TCDF 
tsa.ers, and If a pe1t corresponding In retention tl .. to 2,3,7,8-TCDF 
Is observed In the analysts using this colu.n, then a portion of the 
sa.ple extract .ust.be reanalyzed using the second GC colu.n described 
below If lsa..r - specific d1ta on 2,3,7,8-TCDF Is desired. 2) A 
fused silica colu.. (30 H a 0.25 .. J.D.) coated with DB-225 (0.25 • 
fll• thickness), J I W Scientific, Inc., Rancho Cordova, Calif., lUst be 
utilized to obtain qua11tltatlve data on the :oncentratton of 2,3,7,8-
TCDF, since this colUin adequately resolves 2,3,7,8-TCOf fro. the other 
TCDF lso.ers. 

3.3 81l1nce: Analytlc•l 81lance, re1dlblllty, 0.0001 g. 

3.4 Nitrogen 810Mdown Concentration App1~1tus: N-Ev1p An1lytlc•l 
Evaporator Hodel Ill, Organo.atton Assocl•tes Inc. 

3.5 lube fu~n1ce: lindberg lype 59344. 
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4. Jnst~unent1tlon OK 
Gas Ch~tograph-Hiss Spectra.eter-Datl Syste• (GC/HS/OS)i The 

lnst~nt syst~ used to 1n1lyze sa.,Je eatr1cts for PCDO/PCOF 
ca.prlses a gas chro.atog~lph (fitted for Clpllllry colu.ns) couplpd 
directly or through an enrlch.ent device to 1 ~ss spectrometer which Is 
equipped with a ca.puter-b1sed data syst... lhe Individual ca.ponents 
of the GC/MS/05 are described below. 

4.1 Gas Chro.atograph (GC): The chro.atogr1ph .,st be equipped 
with an appropriate Injector and pneu.atlc syste. to pe,.lt use of the 
specified glass or f•sld silica capillary colu.ns. It .ust also Incor
porate an oven ..tltcll can be heate4 In a reproducible, progra-d 
te.perature cycle. The Injector should be configured for splltless/ 
split Injections. The GC colu.n perfor.ance should be verified at the 
beginning of each 8 hour work period or at .the beginning of each series 
of analyses If .are than one sat of aa.ples Is analyzed during an 8 
hour shift. (~tracts of ca.plaa ca.bustlon products and effluents .. Y 
contain nu.erous organic residues even after application of the e•ten
stve prefractlonatlon/cleanup procedures specified In this nethod. 
These residues .. , rasult In serious deviation of GC ~olu-. perfor-
.. nce and therefore, frequent perfor.ance checks •re desirable. Using 
appropriate calibration •l•tures, as described below, the retention 
tt .. windows for each chlorinated class of CDDs/CDfs must be verified. 
In addition, the GC colu.n utlltred .ust be d.-onstrated to effectively 
separate 2,3,7,8-TCDD fro. all other TCOD tso..rs If data on 2,3,7,8-
TCOD alone Is desired with at least 201 v•lley definition between the 
2,3,7,8- tsa.er and the other adjacent-eluting TCDD Isomers. lyplc•lly, 
capillary colu.n peak widths (at half-.. •1~ peak height) on the order 
of 5-10 seconds are obtained In the course of these an•lyses. An 
appropriate GC t~rature progra• for the 1n1lyses described herein 
Is discussed In a later section (see l1bl1 1). 

4.2 &as Ch~tograph-Hiss Spect~ter lnterf•ce: The 6C-H5 
Interface can Include enrtc~nt devices, such as a glass Jet separ1tor 
or 1 silicone ..-brane separator, or the gas chrGM~tograpll can be 
•lrectlr coupled to the .. ss spectro..ter source, If the syst~ h•~ 
edequate p~lng of tne source region. The Interface .. Y Include a 
•tverter valve for shunting the colu.n effluent and Isolating the 
.... spect..-ter source. AU ca.ponents of the Interface should be 
tlass or glass-lined stainless steel. The Interface c~ents .ust be 
COipltlble with t~ratures Ia the neighborhood of 250°C, which Is ~ 
t~rature at ..tllch the Interface ts typically .. lntatned throughout 
analyses for PCOD/PCDF. The CC/ttS Interface lUSt be appropriately 
configured so that the separation of 2,3,7,8-lCDD fra. the other TCDD 
lsa.ers which Is achieved In the gas chro .. tographlc colu.n Is not 
appreciably degr1ded. Cold spots and/or active surf1ces (1dsorptlon 
sites) In the GC/HS Interface can cause pe1k tailing and pe1k bro1denlng. 
If the latter are observed, thorough cleaning of the InJection port, 
tnterf1ce and connecting lines should be acca.pllshed prior to pro
ceeding. 
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4.1 HAn 5pectr-ter (HS): The NSS spect·r-ter uud for the 

AnAIJUS described here Is lJPiu11y • double-focusing nctor or. 
qUAdrupole tnst~nt equipped with •n electron 1-.•ct source (70 ev), 
.. tnt•lned It 2S0°C, and 1 standlrd electron .ultlpller detector. 
If possible, It Is destnble to ha'we both 10111 and high re.solutlan 
cApability with the .. ,, spect~ter used, since canflr-.tlan of 
data obtllned bJ 111!1' resolution ItS ustng high ·r-esolution HS Is s-tl•s 
deslr1ble. Alternatively, a ca.bln~ttan of .. ss spectra.eters Cln be 
used far this purpose. The st1tlc resolution of the lnstru.ot .ust 
be .. 1nt1lned 1t 1 •lnl- af,,h500 (with 1 101 n11er llet.een 1dj1cent 
•nses) U opentlng h1 the 10.. resolution ItS Edt, 1nd 1 •1•1-
resolutlon of 1:10,000 Is deslr1ble far aper1tlon In the high resolution 
IIOde. the .. ss spectroeeter •st also bl configured for npld t~~~~~~Uter
cantroUed selected-ton -ttorlng I• bath high IM IGW resol11tlan 
oper1tlng .odes. At 1 •lnt.uo, twa lon ... sses char•cterlsttc.af each 
class of chlortnted dto•tns should be ... ttand, ud these •re t..a 
Ions In the .alecul1r tan Isotopic cluster, It ts·dlslrlble for 
tncre1sed confidence In the dAti to lisa .anltor the fra,..nt Ions 
1rlslng froo the lass of COCI ·froo the .alecul1r ton. In order to •c~ltsh 
the requisite rlpld .ulttple tan .anttarlnl·sequance during the tt.. · 
period defined br 1 typtc•lly tlplll•ry chra..toir•phlc pe1k (the blse 
of the chra..tagnphlc pelk b typlully 15-20 .seconds I• width) • tt. . 
fall0111lng ItS perfar-.nce par• .. ters are typlc•llr required (1n•tng 
1 4-lon -ttortng sequence for e1ch clan of PCDO/PCDfh d.-11 tt .. / 
lan-.. ss, •100 .sec;; •tnt- •u.ber of dAte pot•ts/c~ ... togrlphlc 
pe1k, 7 • The .. ss sc1le of 'the .. ss spectroeeter Is tlllbrlted using 
high balling perfluarokerosene lnd/or s- other sultlblt .. ,. st1nde.rd 

· depending upon the requt.--nts of 1he GC-HS-DS syst• utilized~ The 
actUAl procedures utilized for c1llbrltlon of the .. ss·sclle will be 

unique to the p1rttcul1r .. ss spectra.eter being .-played. A list of 
the appropriate Ions to be .anttored In the PCDD/PCDF 1nalyses described 
herein Is presented In • l1ter section (see T1ble 1). 

4.4 Dlt1 5yst .. : A dedicated ca.puter·b•sed 4atl srst .. , ca,.ble 
·of providing the d1t1 described above, Is .-played to control the·rlpld 

selected-ion .. nltorlng sequence and to acquire the dill• lath digital 
d1t1 (pelt are•s or reak heights) IS well as peak profiles (displays of 
Intensities of lon-.. sses .anitored 1s 1 function of tl.e).shauld be 
1cquired during the lnalrses, and dtspl1yed by the data syst... lhls 
raw data ( .. ss chro-.togr..s) should be provided In the report of the dlta. 

5. Callbr1ttan 5t•ndards 

A rec.,...nded ~et of ullbntlan shndarlls t~;~ be used In the 1nllyses 
described herein Is presented below. Stact·standard solutions of the 
••riaus PCDD and PCDF tsa.ers 1nd •ixtures thereof are prepa,ed In a · 
glavebox, using weighed quantities of the authentic lso.ers. These 
stock solutions 1re contained In appropri•te voluaetrtc fl1sks •nd are 
stored tlghtiJ stoppered, In 1 refri.gerator. Altquah of the stock 
standards 1re re.aved for direct use or far subsequent serl1l dilutions 
to prepare warklng stand1rds. These standards ~st be checked regularly 
(by coq>ulng tnstn .. nt rupanse flcton far th .. aver a period of 
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tt•) to ensure thlt solvent ev1parltlon or other lasses hue not occurred 
which would 1lter the standArd concintratlon. The iewer•l recaa.eftded 
lllndard SOlutions are IS loiiOIIIi. . . 

5.1 Standard Hixture A: Prtp1re 1 stock solution ca~talntng the 
fo.llowlng lsotoplcelly-hbelled PCDD lnd PCDF In lsaoctlne· at the 
Indicated concentrations.: Z.Sng./.,1 11Cu-ZoJ.7 .I-TtDD 1 2~SngJ.•l"Cl,-
2,J.7.1-lCDF, 2SniiJL11Caa·1,2,J,4,7,1·KatDO, 2Sng/ul1 Cat·I.2,J.4,J.I
HxCDF, 2Sng/ul11C11-otDD; 111d 2Sng/tol11C11-0CDF. Port ton's of this 
ha.er •lxture 1re ldded to all s...,les prior to enalyses 1nd sene 
11 Internal sllndlrds for use In quantlt1tlon. ~avery of these 
st•ndards Is also used to vuaae the owerell efflucy of the enllytlcll 
procedures. · · · · 

" 5 .• 2 StendArd 1: PrtPire 1 stock solution contllnlng 1.0 ng or 
"Cl;-2,3,7,1-lCDO/..t ef htioct111t. This Stln!flrd can be colnjected 
u· desired. alonl with tllqilots of the. final ,l ... le ••tract to reliably 
estl .. te the ncoweoo of· the 11Cu-2.J.J .~TCDO surropte stendArd. 

S.J Standlrd Hlxture C: Prep1re a stock solution· containing 
IDO ng/ul of haacllne of· e1ch or the fo11GWing PCDD and PCDF: 
2~3,7,1-TCDF~·2,3.J,I-TCDO~·I.J.4.6.1-PeCDF, 2,3,4.6.7~PetDF; 1,2,4.7.9-
PeCOO~ 1,2.3.1,g·PeCDO; 1.2~J,4~6,8·11xCDF; 2 .• 1,4 .• 6.7,8-HiltDF; 1,2.3.4.6.8-
HxCOO,· 1,2,3.4.1.7-llxCDO; 1.2,1,4.1,7 .1-llpt!lfi 1.2,3.4 ,7 .1.9-HptDF; 
1,2,3.4;6,7,1-IIPCDO; 1,2,3.4,6.7.9-HpCDO; DCDF: 1nd DCDD. Thts h-r 
•ixture Is used ·to define the Jas chro-.togr1phlc retention tt .. 
lnterw1ls or wlndGWs far e1ch o the penta-, htKa-, hept1-, 1nd 
actlthlorlneted groups of PCDO 1nd PCOF~ Each pllr of l,_rs of a ghen 
chlorln1ted class which Is listed here correspohds to the first and 
l1st eluting lsa.er's of thlt cless on the DI-S caFill•ry GC col.-n 
(tKcept for TCDO and TCDF.). In addition. this ls-r •lxture Is used 
to deter.lne CC~IlS response f1ctors for representltlve ls-rs of nch 
of the penta-, hen-. hepta-. and act1chlortnated groups of PCDO 1nd 
PCDF. lhe later dAti are used In qulntltlllng the an1lytes In un....,.. 
s11iples. · · 

5.4 Standard Hlxture D: · PrePirt 1 stock solution containing 
so pg/~l of.tsooetlne of each of the following TCDD lsa..rs: 1,3,6.1-
TCDO; 1,2,3,J·TCDD~ 1,2~3,g·TC~> 2,3,7.1~TtD0> lnd 1,2,1,g·TCDO. T.a of the 
tsa.ers In this •lxture are used to define the gas c:hro-.togr1phlc 
retention tl., windoM for lCDDs (1.3,6,8-lCDO Is the first eluting TCOD 

b. Sa.e of the PCDD/PCDF Isomer st1nd1rds recan.tnded far this .ethod 
1re av1llable fro. Ca~rl4ge Isotope ll~rllortes. C•~rldge. Massachusetts. 

·Other PCDD/PCDF st•ndlrds. 1re 1vall1ble fro• the Ire~ labarltory. Wright 
State University. Dlyton, Ohio, fro. the U.S. EPA St1ndlrd Reposltor, 
It Rese1rc~ lrl1ngle. Park, Marth C1rolln1 and possibly fro• other laboratories 
"ot all of the Indicated lsotoplcally·llbelled PCDD/PCDF Internal sttndlrds 
recu.aended here Ire presently av1llable In quantities sufficient for 
widespread distribution, but these are expected to be avall1ble In the near 
future. 
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bolll!r and 1,2,8,9-lCDD Is the lnt eluting lCDP hon~r on the DB·!i 

&t colu11111). lhe re11111in1ng h-rs urv" to demonstute· that the 2 ,1,7,8-

1(00 Isomer 1s resolved fro. the other nearest eluting lCDD isomers, 

and that the coluA'I therefore yielils quantitative data lor the 2,3,7,8-

lCDD isomer alone. 

!i.5 StAndard H~xture [; Prepue a stock solution containing 50 pfJ/~1. 

of lsooctane of each of the following lCDF lso.ers: 1,1,6,8-lCDf; 2,3 04,8-

lCDF; 2,3,7,8-ICDf, Z,l,4,7-1CDf; and 1.2,8,9-lCDF •. lhis lsollll!r •ixture 

ts used to define the ICDF gas chra.~tographic retention time window 

(1,3,6,8- and I,Z,8,9-1CDF are the first and last eluting ICDfs on the 

DB-5 capllluy colu.a) and to de•nstrate that 2,1,7,8-lCDF is uniquely 

resolved fro. the adjacent-eluting ltDF iso.ers. 

6. Procedures for Add~lion of Internal Standards and Extraction of Samples 

( 

· Both liquid and solid sl.ples will be obtlined for PCDD/PCDF 

analyses as 1 result of the application of an appropriate stack 

sa-pling procedure. S.-ples · 

resulting fro. the sampling train will Include the following (these 

will be provided to the analytical laboratory as separate samples In 

the forQ. indicated): I) particulate filter and particulates thereon; 

2) particulates fro. the cyclone (tf used); J) co~tned aqueous solutions 

fro. the i.pingers; 4) the Intact lAO-resin cartridge and the resin 

therein; 5) c•Jned aqueous rinse (tf used) solutions fr011 rinsu of 

·the nozzle.- probe, filter holder~ cyclone (If used), i.plngers, and 

all connecting lines; 6) c~hied acetone rinse solutions fr-o• rinses 

of the noz.zle, probe, filter holder, cyclone (if used), l.plngers, and 

all connecting lines; 7) c*ined hexane rinse solutions fr1111 riMes 

of the nozzle, probe, filter, cyclone (If used), fmpingers, and all 

coMecting lines. In addition, umplts of botto11 ash, precipitator 

ash, Incinerator feed 1111terials or fuel, quench liquids, and IPiterials 

fr1111 effluent control devices uy also'be provided for analysu. 

In general, the volu~~es of ill liquid sa111ples received for analyses 

are llieuured and recorded, and where appropriate, solid saq~les or 

al iquots thereof are weighed. Any .SIIIIPies Nhich are hollogeneous (as 

for exa.,Pie, a single liquid phase UIIIPie or: 1 solidc.Which can be 

thoroilgll\y •bed) can be split prior to analyses, If desired, provided 

that this will still permit the attai11111~nt of the desired detection 

H•its for 'the analytes of interest. Saq~les such u particulates fr01a 

the Silmpling train which ·are··gen·en·lly collected in relatively INH 

quantity, are preferably analyzed in .tot•L . 

6.1 Organic Liquid SaiiiP·les (Acetone and Hexane Solutions). (IJIIlbine 

the acetone and hexane rinse solution ind concentrate. to a vol&ae ol about 

1-5~ using the.nitroge~ blowdown apparatus I• strea~ of dry nitrogen) 
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wh.lle neat ing the s1111ple gently on a wller bdlh. Rtn .. , tho: wo:sso:h 

which contained the original solutions three times with Smdll portions 

of hexane and add these to the concentrated solutions and c.on(imtr1te 

further to near dryness. lhh residue w.l11 likely contllin partt,ulates 

which were re.oved In the rjnses of the train probe end nozzle. l:a.

blne. the residue (along with three. rinses. of the final suple vessel) 

In the Soxhltt apparatus with the filter and particulates, and proceed 

IS described under Solid Sa.ple below. 

6.2 Aqueous liquids 

Add an appropriate quantity of the Isotopically-labeled Internal stwndard 

•lature (Standard Hlature A described earlier) to the aqueous liquid 

sample (or an aliquot thereof) tn 1 screw-capped bottle fitted with a 

Teflon-lined cap. Add lpproxl .. tely 251 by voluae of hexane to the 

spited aqueous sample. seal the bottle and agitate on a shaker for a 

period of ·three hours. Allow the vessel to stand until the aqueous and 

organic layers separate, then transfer the organic layer to a· separate 

sa~le bottle. Repeat the hexane extraction sequence two additional 

ti.es and Co.blne the organic fractions with that from the first ea

traction. Proceed. with the SIIIIPie fract1onation·and cleanup procedures 
described below. 

6.3 Solid Saq»les 

Place a· glass extnctton thllllble and 1 g of siJ.ica gel an~ a plug of 

glass wo~l Into the Soahlet IIPPiratus.! cha("ge the apparatus ·wfth toluene 

•nd reflux for a pertod of one hour. Re.owe the toluene and discard It, 

rehinlng the silica gel, or If de5h:ed, retain a poi>tion of the toluene 

to check for background conti•ination. · For extraction of particulates;· 

place the entire su.,le tn the thlllble onto the bed of precluned sll ica 

gel (I c.. thick), and top with-the precleaned glass wool retained 

from the Initial .Soxhlet cleaning procedure. Add the appropriate 

IJUinti. ty Of the isoto.picaiJ.y-labe. lied internal Slandard.Diixture 

(Standard Kixture A described earlier) to the sample in the Soxhlet 

'thiri»ie. Charge the Soxhlet with tol.uene and reflux for a ·period of 

16 hours. ·After extraction, allow the Soxhlet to cool, remwr the 

toluene extract. and transfer it to another samplr vessel. toncentr~te 
the extract to a voh•-e of lpproxlutely 40 •I by using the nitrogen 

blowdown apparatus described· earlier. Proceed with ·the SAIIIple fractiona

tion and. cleanup procedures ·deicribed below. 

7. Procedures for Cleanup and fractionation of Sample Extracts 

lhe following column chrom.tographic.sample clean-up procedures 

are used In the Order given, althougtt·not an uy be required_ In 

general, the silica and·alumina coluillll procedures are considered to bra 

•inimum requirement. Acceptable alternati•r clranup p~ocedures may br 

used provlded that they are dellllnstnted to effecti•ely lrans111it • 
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8.3.2 Static Resolution: 1:600 (lOS valley) or 1:10,000 depending lJI 
upon requireMents. Usually the sample extracts 11e lnltl•lly analyzed 
using low resolution HS, then If PCDD/PCOF are detected, It Is desirable 
to analyze a second portion of the sa11ple extract using high ruoh1tlon 
ttS. 

8.3.'3 Source le.perature: 25o"C 

8.3.4 Ions Monitored: Ca.puter-Controlled Selected·lon Monitoring, 
See Table I tor list of ton .. sses .anitored and tiMe lntervals during 
Nhtch tons characteristic of each cl111 of coos and COFs are 110nitored. 

8.4 Calibration Procedures: 

8.4.1 Calibrating the HS Hiss Scale: Perf1uoro Kerosene, decaf1uoro
trtpheny1 phosphine, or any other accepted .. ss .. rker.ca.pound .ust be 
Introduced Into the tiS, In order ,to calibrate the .. ss scale throug~ at 
least ~z 500. The procedures specified by the .. nutacturer for the 
particular HS lnstr~nt used are to be e.ployed for this purpose. lhe 
.. ss calibration should be rechecked at least at 8 hr. operating Intervals. 

8.4.2 Table 1 shows the.GC te.perature progr•• typically used to 
resolve each chlorinated class of PCDO and PCDF fro. the other chlorln1ted 
classes, and Indicates the corresponding tiMe Intervals during which ions 
Indicative of each chlorinated class· are .anttored by the HS. This 
t.-perature progra• and ion .onttorlng tiMe cycle .ust be est1bllshed by 
eich analyst for the particular lnstr~ntatlon us~ by Injecting allquots 
of Standard Mixtures C, 0. and E (See e1rller section of this protocol 
for description of these •btures). It •Y be necesnry to adjust the 
te.perature progra• and Jon .anltorlng cycles slightly based on the 
observations fro. analysis of these •lxtures. · 

8.4.3 Checking GC Colu.n Resolution for 2,3,7,8-TCDO and 2,3,7,8-
lCDF: Utilize the colu.n-resolutlon ICDD and ICDF lsa-er •iatures 
(Standard Mixtures D and l, containing 50 pg/ul, respectively of the 
appropriate TCDD and TCDF is-rs) to wertfy that 2·,3,7 ,8-ICOD and 
2,3,7,8-TCOF are separated fro. the other ICDD and TCDF IsOMers, 
respectively. A ZOl valley or less .ust be obtained between the •ss 
chra..tagraphic peak observed far 2,3,7,8-TCOD and adjacent peaks 
arising fro. other lCOO lsa-.rs,and sl•ilar separation of 2,3,7,8-ICDF 
fro. other neighboring lCDFs,ls required. Standard Hlxture 0 Is · 
utilized with. the OBS colulln and Standard Hlature (with the 08-225 
caluan. Analyze the calu.n perfa~nce standards using the instr~ntal 
para.eters specified In Sections 8.2 and 8.3, aPd in lable 1. The 
caluan perfor.,nce evaluation .ust be perfor .. d e1ch time a· new calu.n 
Is Installed In the gas chro.,tagraph, and at least once during each 8 
hour operating period. Providing that the same colu.n Is employed for 1 
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period of time, Its perfonaance c1n also be g1uged by noting the peak DRJ 
wldth.(at 1/2 pe•k height) for 2,3,7,8-TCOO or for 2,3,7,8-JCDF. If 
this pe1k width Is obser~ed to broaden by 201 or 110re as compared to 
the usual width for satisf1ctory oper1tton, then the column resolution 
Is suspect and IIUSt be checked. If the colwnn resolution Is found to 
be Insufficient to resolve 2,3,7,8-lCDD and 2,3,7,8-lCOF from their 
neighboring TCDD and TCDF lsoeers, respectively, (as ~•sured on the 
two different coluwns used for resolving these two Isomers), then • 
new 08-5 and/or DB-225 GC colu.n .ust be Installed. 

8.4.4 Caitbratlan of the GC-HS-OS syste• to acc~~q~llsh quantilltlve 
analysts of 2.1,7,1-TCDD and 2.3,7,8-JCOF, and of the total tetra-
through acta-COOs and CDFs contained In the sa-.le extract, Is acca.pllshed 
by analyzing 1 series of at least tkree ~king callbratiDR standi"'· 
Each of these standards Is prepared to contain ·the sa-. concentration 
of each of the steble-tsotaplcally labelled Internal standards used 
here (Standard Hlxture A) bUt 1 different concentration of native 
PCOD/PCOF (Standard Hlxture C). Typically, •lxtures will be prepared 

" sa that the ratio of native PCDO and PCDF to lsotoplca11J-1abe11ed 
PCDD and PCOF will be an tht ardar of 0.1, 0.5 and 1.0 In the three 
WDrllng calibration •lxtures. The actual concentrations of both native 
•nd Isotopically-labelled PCDD and PCOF In the working calibration 
standards will be selected by the.analyst on the basis of the concen
trations to be -.asured In the actual sample extracts. At the tiDe 
when allquats of each. of the standards ere Injected (and·alsa when 
Injecting altquots of actual sample eatractsl tf desired, in aliquot 
·of 1 standard containing typically 1 ng of lc1.-~.3,7,8·TCDD (Stand1rd B) 
can be drawn Into the •lcra syringe containing the calibration solution 
described above (or the sa.,le extract) and this b then co-Injected 
along with tbe sa.,le extract In order to obtain data pe'-lttlng 
calculation of the percent recovery of the ••c,.-2,3,7,8-TCDD Internal 
standard. lqu1ttans for calculating relative response factors fro• the 
caltbratlon dati derhed fro. the calibration stand·ard analyses, and for 
calculating the recovery of the ••c,.-2.3,7,8-TCDO and the other 
Isotopically-labelled PCOO and PCDF. and the concentration of native 
PCDD and PCOF In the sa.Pie (fro. the extract analysis~ are suamarized 
below. In these calculations, as can be seen, 2,3,7,8-TCDO Is e.ployed 
IS the Illustrative .adel, However, the calculations for each of the 
other native dloalns and furans In the .sl.,le analyzed are 1ccomplished 
In an analgaus •nner. ·It should be noted that In view of the fact 
that stable-Isotopically labelled Internal standards corresponding to 
each tetra- through actachlarlnated·class are not used here (owing 
to 11•1ted availability at this tl-.) the fallowing approach Is 1dop\ed: 
For quantltatlan of tetrachlortnated dlbenzafurans 11Caa-2,l,7.8-TCOF 
ts used as the Internal standard. For quantitatlan of tetrachloro
dlbenzo-p-dtaatns. 11C1a-2.l,7,8-TCDD Is used as the Internal standard. 
far quantltatlon of PeCOO, HxCDO, PeCDF, and·HxCOF, the corresponding 
stable-tsataplcally l~belled HaCOO and HxCDF Internal stand1rds are used. 
far quanttt1tlon of Hp£00, OCOO, and HpCOF, OCOF, the Isotopically
labelled OCOO and OCDF, respectively, 1re used. Inherent In this 
approach is the assu.,tlan that tiM r.esponse factors for each of the ls0111en 
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reprr~entative set of the Analyte~ of Interest. lhP colUMn chromato

grAphic procedures listed here h1ve been de.anstrlted to be effective 

VRA DkAt I 
for • •h:tu.-e consisting of 1,2,3,,-TCDD, 2,3,7,8-TCDD, .2,3,6,8-lCDf, 

1,2,4,8-.tCOf, 2,3,7,8-TCOF, 1,2,3,7,8-PeCDO, 1,2,4,7,8-PrCOf, 1,2,3,4,7,8-

HaCOD, 1,2,4,6,7.9-HaCDF, 1,2,3,4,6,7,8-HpCDD, 1,2,3,4,6,8,9-HpCDf, 

OCDO 1nd OCOf 

An eatr1cL obtained as described In the foregoing sections Is 

concentr1ted to a volu.e of about 1 .t using the nitrogen blowdown 

1ppantus, and this Is tnnsferred quantltlthely (with rinsings) to 

the ca.binatton silica gel column described below. 

1. I CORbinatlon Sit lea Gel Colu.n: Pack one end of 1 gins 

colu.n (20 ... D.O. a ZlO .- In length) with gl1ss ~~ (precleaned) 

1nd 1dd, In sequence, I g silica gel, 2 g bise-.adlfled slllc• gel, 

1 g s 11 lea gel, 4 g acld-onodlf led .sit lea gel, and 1 g s II tea gel. 

(~ilica gel 1nd modified slllc• gel are.prepared· as described In the 

Reagents sections of this protocol.) Preelute the colu.n with lO .t 

hea~ne 1nd discard the eluate. · Add the sa..,le extnct In 5 It of hex1ne 

to the column •long with two additional 5 •1 rinses. Elute the colUMn 

with 1n ldd'ttlon•l 90 a of hexane and retain the entire eluate·. · 

ConcentrAte this solution to a wolu.e of about 1 •1. 

7.2 Basic Alu.ina Column: Cut off 1 10 It dlspos1ble Pasteur 

glass pipette 1t the 4 It graduation .ark and.pac• the lower section with 

glass wool (precleaned ) and l g of Woel• basic alu.ina (prepared as 

described In the Re1gent section of this protocol). Transfer the 

concentrated eatr1ct fro• the combination silica colu.n to the top of 

the colu.n and elute the colu.n sequentially with IS .t of hexane, 

10 It of 8J .ethylene chlortde-in-hea•ne and IS It of ·sos .ethyl•Pe 

chlorlde-in-hexlne, discarding the first two eluate ·fractions and 

retl tnlng the third eluate fraction. Concentrate the litter frilttlon 

to 11bout 0.5 It using the nitrogen blowdown apparatus described enl.t~r. 

7 .J PX-21 Carbon/Cel tte 545 Column: lake a 9 inch dhpoublr, 

Pasteur pipette 1nd cut off a 0.5 Inch section fro• the constricted tip. 

Insert a filter paper disk It the top of the tube, 2.5 c•. fro• the 

constriction. Add 1 sufficient quantity of PX-21 Cirbon/Cellte 545 

(Prepared IS described In the reagent section of this protocol) to the 

tube to fonR 1 2 em. length of the Carbon-Celite. Insert 1 glass wool 

plug. Preelute the column in sequence with 2 li of SOl benzene-In-ethyl 

1cetate, 1 ml of SOl .ethylene chloride-ln-cyclohexane and 2 ml of hexane, 

and discard these eluates. Load the ext.-act (In I ml of hexane) fro• 

the alumina colu""' onto the top of the column, 1long with 1 Ill hexane 

rinse. Elute the column with 2 ml of 501 .ethyl~ne chloride-in-hexane 

and 2· ml of SOl benzene-in-ethyl acetate and discard these eluates. 

Inver~ the column and reverse elute it with 4 ml of toluene, retaining 

this eluate. Concentrate the eluate and transfer it to a Reacti-VIal 

for storage. ~tore eatracts in a freezer, shielded from light, prior 
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to GC-HS analysts, If desired, still another column chromatographic 

clean-up step can be·e.ployed prior to concentration of the eatract, 
as described below. 

7.4 Slllca/Oiol Hlcro Colunn Cleanup: After the ebove clean-up 

steps s.all IMDunts of highly colored paler ca.pounds .. , be present In 

ca.pln sailples. These are l'l!lllved, If necessary, by the following 

colu.n: Push 1 s~ll plug of glass wool Into .a disposable 6 .. l.d. 

glass Pasteur pipette, followed by 3 .. of Sepralyte (Analytlche. 

International); 6 .. of stllca ·gel and finally 3 .. of sodlu. sulfate. 

The colu.n Is pre-wet with hexane, the Si.ple Is applied In IDO ~L of 

IDOl hexane and eluted with huane, collecting· 1.5 •I. 

8. Procedure for Analysis of SiMple Eatracts for PCDD/P~DF Using Gas 

Chro..tograp~-"-ss Spectra.etry (GC-MS). 

8.1 SaMple·extracts prep1red by the procedures described In the 

foregoing ere lnalyzed·by GC-HS utilizing the following lnstru.ent1l 

para-.ters. Typically, 1 to 5 pl portions of the extract Ire Injected 

tnto the GC. sa.,·le extr•cts are first analyzed uslng.the 08-S caplillry 

GC·colu.n to obtain data on the concentrations of total tetra-through 

acta-COOs and COFs, and on 2,3,7,8-TCDO. If tetra-COFs 1re detected 

In this inalysls, then another aliquot of the SIMple Is lnalyzed In 

.a separ1te run, using the 08-225 colunn to obtain data on the concentration 
of 2,3,7,8-TCDf. 

8.2 Gas Chro~togr1ph 

8.2.1 Injector: Configured for capillary column, splitless/spllt 

Injection (spllt 0 flow·on 60 seconds following Injection), Injector 
temperature, 250 c. · 

8.2.2 Carrier gas: Hydrogen, 30 lb head pressure. 

8.2.3 Ciplllary Cotu.n·l: For·total tetra- through oct1- CDOs/CDFs and 

_,, 2,3,7,8-TCOO, 60 H • 0.25 naJ.D. fused silica 08-S; ttq~erature pro

gra.med (see Table 1 for t~erature progr••)- Capillary Column 2: • 

for 2,3,7,8-JCDF only, 60 H a 0.25 mm J.D. fused silica DB-225, temperature 

programmed (180;C for I •tn., then Increase froa 180"C to 24D•c f s·C/•in., 

hold at 240'C for l •in.) 

8.2.4 Interface lemper1ture: 250°C 

8.3 Mass Spectrometer 

8.3.1 Ionization Hode: Electron impact (70 eV) 

-12-
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of each chlo~lnated class are the sa.e, and In the case of the penta
and hepta-CDDs and COfs, the assu.ptlon Is .. de that the responses for 
these two classes are equivalent to those for the tetra-lso.ers and the 
octa-lsa.ers, respectively. 

8.4.5 Equations for Calculating Response Factors, Concentration of 
2,3,7,8-TCOO In An UnknDMR s.-.le, and Recoveries of Internal Standards. 

Equation 1: Response Factor (RRF) for native 2,3,7,8-TCDO using 
••c,,-2,3,7,8-TCDD as an Internal standard. 

RRfd • (AsCI1 /A15t 1 ) 

ur~. 

Nbere: A
5 

• SIN response for 2,3,7,1-TCDD ton at .,1 320 • 322 

Als • SIN response for ••c,,-2,3,7,1-TCOO Internal standard 
lon at .,1 332 . 

Equatton 2: 

c11 • Concentration of the ~nternal standard (pg./~L.) 

C
1 

• Concentration of the 2,3,7,1-TCDD (pg./pl.) 

Response factor (RRF) for 1 'C~ -2,3,7,8-TCOO, the co-Injected 
external standard 

RRff • (A 15
Ce5 )/(Ae5C15 ) 

where: A
15 

• SIH response for 11Caa·2,3,7,8-TCOO Internal 
standard ton at a/z 332 

A • SIH response for co-Injected 1 'C1,-2,3,7,8-TCOO e•terllll 
es standard at a/z 328 - 0.009 (SIN response for native 

2,3,7,8-TCOilat .,, 322) 

c1s • Concentration of the Internal standard (pg./~L.) 

Ces • Concentration of the external standard (pg./~l.) 

-15-

Equation 3: Calculation of concentration of native 2,3,7,8-JCOO using 
~·c,,-2,3,7,1-lCDO as Internal standard 

Concentration, pg./g. • (A
1

) (1
1
)/(Ais)(RRFd)(W) 

where: A1 • SIN response for 2,3,7,1-TCDO ton at a/z 320 • 3Z2 

A11 • SIN response for the 11C1a-2,3,7,1-1CDO Internal 
standard 1011 at .,1 JJZ 

DRAF-1 

11 • Alount of Internal standard added to each s..,le (pg.) 

II • lllllght of soli or ..aste In gr-

RRF d • blat he response factor fi"'OI Equation I 

Equation 4: Calculation of I recoverJ of 11C11-2,3,7,1-TCDO Internal standard 

I RecoverJ • 100(A11)(E1
)/(Aes)(II)(RRF1) 

A11 • SIN response for 11Caa-2,3,7,1-TCDO Internal standard 
ton at .,, 332 

A 
1 

• SIN response for 1 'CI,-2,3,7,8-TCOO external standard 
e ton at .,, 321 - 0.009 (SIN Response for native 

2,3,7,8-TCDO at.,, 322) 

E
1 

• ~nt of ''CI,-2,3,7,1-TCDO external standard 
co-InJected with sa.,le extract (ng.) 

11 • Theoretical a.aunt of 11Caa-2,3,7,8-TCOO Internal 
standard In InJection 

RRFf • Relative response factor fi"'OI Equation 2 

As.noted above, procedures slallar to these are applied to calculate 
analytical results for all of the o~her PCDO/PCDF dete~lned In this .. thod. 

8.5 Criteria llhtch GC-HS Data Must Satisfy for Identification of 
PCDD/PCOF In s.-.1es Analyzed and Additional Details of Calculatloe Procedures. 

In order to Identify specific PCOO/PCOF In sa.,les analyzed, the 

6C-HS data obtained .ust satisfy the follow~~~ criteria: 

8.5.1 Hiss spectral responses .ust be observed at both the .alecular 
and fragment ton .. sses corresponding to the Ions Indicative of each 
chlorinated class of PCDD/PCOF Identified (see Table I) and Intensities 
of these Ions .ust ... talze essentially si.ultaneously (within • l 
second). In addition, the chro.atographlc retention ti~s obsrrved for 
each PCDO/PCDF signal .ust be correct relatlvr to the appropriate 
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stable-isotopically labelled intprnal st•nd•rd and must be consistent 
with th~ retention time .,indows established lor the chlorinated group to 
which the particulu PLDD/I'COF is usigned. 

8.5.2 lhe 
to that o( the 
up~ct~d r.t io 
the acceptable 

ratio of the intensity of the molecular ion (H)• signal 
(Ht2) 1 signal .ust be within! lOt of the theoretic~lly 
(for example, 0.71 In th~ case of lWO; therefore 
range for thh utio Is 0.69 to 0.8~1-

8.5.3 lhe intensities of the ion signals are considered to be 
detectable If each exceeds the baseline noise by a factor of at least 
3:1. lhe ion intensities are considered to be quantitatively ~•surable 
If each ion intensity eaceeds the baseline noise by a factor of at 
least S:lc. 

8.5.4 for reliable detection and quantltation of PCDf It is also 
desirable to ~nltor signals arising froa chlorinated dlphenyl ethers 
which. If present could give rise to fra,.ent Ions yielding ton ~sses 
Identical to those .onltored as Indicators of the PCDF. Accordingly, 
In Table I, appropriate chlorinated dlphenyl ether .asses are specified 
which must be .anltored simultaneously with the PCDF ton-m~sses. Only 
when the response for the diphenyl ether ton .ass Is not detected at 
the same time as the PCOf ion .. ss can the signal obtained for an 
apparent PCDf be considered unique. 

8.5.5 Measurement of the concentration of the cong~n~rs in 1 

chlorinated class using the ~thods described herein is based on the 
assumption that all of the congeners are identical to the calibration 
standards e~loyed in tenas of their resp~ctive chemical and separation 
properties and in terms of their respective gas chromatographic and .. ss 
spectrometric responses. Using these assu~tions, for example, the 
11C11 -Z,3,7,8-1CDD internal standard is utilized as the internal 
calibration standard for all of the 22 lCDD Isomers or congeners. 
furthermore, the concrntration of the total ICDO pres~nt in a sample 
extract is determine~ by calculating, on the basis of the standard 
procedure outlined above, the concentration of each lCDD isomer peak 
(or peaks for multiple lCDD isomers, wh~re th~se coelute) and these 
individual concentrations are subsequently su~ed to obtain the concen
tration of "total" lCDD. 

c. In practic~. the analyst can estimate the baseline noise by mP.asuring 
the extension of the baseline immediately prior to each of th~ two mass 
chromatographic peaks attributed to a given PCOD or PCUF. Spuriou~ signals 
~Y arl~e either fro• electronic noise or from other organic compounds in 
the extract. Since It may be desirable to ~valu•t~ th~ judgement of th! 
analyst in this respect, copies of original mass chromatograms must be 
in§!~ded in the report of analytical results. 

-17-
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8.6 Fr~qu~ntly, during thr analysis of actual sample extracts, 

extraneous ca.pounds ~hich irr present In th~ extract (tho~~ organic 
ca.pounds not completely removed during the clean-up phasr of the analysis) 
can cause changes In the liquid and gas chromatographic elution characteristics 
of the PCDD/PCDF (typically retention ti_,s for the PCDD/PCDf arr prolonged). 
Such extraneous orginlc compounds, whrn Introduced Into the mass spectro-
meter source .ay also result In 1 decrease In the sensitivity of th~ HS 
b~cause of suppression of Ionization, and othrr affects such as charge 
transfer phena.ena. The shifts In chro.atographic retention times are 
usually general shifts, that Is, the relative retention times for the 
PCDD/PCDF are not changed, although the entire elution tl.e stair Is 
prolonged. lhe analyst's Intervention In the GC-KS operating sequence 
can correct for the lengthened GC retention times ~hich are sometimes 
observed due to the presence or extraneous organics In the sample 
extract. for example, using the progra• outlined In Table I, If the 
retention time observed for 2,1.7.8-TCDD (which nonnally Is lg.s •lnutes) 
Is lengthened by 30 seconds or .ore, appropriate adjustments In the 
prograa.lng sequence outlined In Table 1 can be ~de, that Is, each 
selected ion-~nltorlng prograa Is delayed by a length of tlae propor-
tionate to the lengthening of the retention tl~ for the 2,3,7,8-TCDD 
Isomer. In the case of Ionization suppression, this phenoaenon Is 
Inherently counteracted by the Internal standard approach. However, 
If loss of sensitivity due to Ionization suppression Is sev~re, 
additional clean-up of the sample extract aay be required In order to 
achieve the desired detection llalts. 

1. Quality Assurance/Quality Control 

9.1 Quality assurance and quality control are ensured by the following 
provisions: 

9.1.1 Each sample analyzed Is spiked with stable Isotopically lab~lled 
Internal standards, prior to extraction and analysts. Recoveries 
obtained for each of these standards should typically be In the range 
froa 60-901. Since these coapounds are used as tru: lntern•l standards 
however, lo~er recoveries do not necessarily Invalidate the analytical 
results for native PCDD/PCDF, but aay result In higher detection llalts 
thin are desired. 

g.I.Z Processing and analysis of at Ieist one method blank sample 
Is accomplished for each set of samples (1 set being defined as 20 simples 
or less). 

9. 1.3 It is desirable to analyze at least onr sample spiked with 
representative native PCDD/PCDF for each set of ZD or fe~er samples. Th~ 
result of this anilysls provides ~n Indication of the ~fficicy of th~ 
entire analytical procedure. lhr results of this analysis will be 
considered acceptible If the detected concentration of each of th~ native 

-18-



0 
I 

N 
Vl 

-- ·---···--------·- ··-·-·----------------------
DR 

PCDD/PCDf Added to the SAMple Is within t501 of the known concentrAtion. 
(An AppropriAte set of native lsa.ers to-be added here Is 1 set such 
as tblt IndicAted for StandArd "lxture C.) 

9.1.4 At leAst one of the SAMples an.lyzed out of eAch set (of 20 
sA.ples or less) Is anAlyzed In duplicate and the results of the duplicate 
anAlysis are Included In the report of data. 

9.1.5 Perfon.ance evaluation SIMples prepAred by EPA,or other 
laborAtorles,whlch contain representative PCDD/PCDF In concentrations 
approxl .. tlng those present In typical field SIMples being analyzed 
(but unknown to the antlyzlng ltb) should be periodically distributed 
to lAboratories tcca.pllshlng these analyses. 

g,l.6 Sources of All calibrAtion and perfon.ance stAndArds used In the 
analyses and the purity of these .. terlals .ust be specified In the data 
report. 

10. Data Reporting 

10.1 Each report of anAlyses acco.pllshed using the protocol 
described herein will typically Include t1bles of results which Include 
the following: 

10.1.1 Co.plete Identification of the SIMples AnAlyzed (st.ple 
nu.bers and source). 

10.1.2 The dAtes and tt .. s 1t which 1ll lnAiyses were tcco.pllshed. 
This lnfonaatlon should also appe1r on each .. ss chromAtogra• Included 
with the report. 

10.1.3 Raw .. ss chra.atographlc d1t1 which consists of the tbsolute 
Intensities (based on either pe1k height or pe1k are1) of the signals 
observed for the lon-.. sses .onltored (See Table 1). 

10.1.4 The calculated ratios of the Intensities of the molecultr 
Ions for All PCDD/PCDF detected. 

10.1.5 The calculAted concentr1tlons of native 2,3,7,8-TCDD and 
2,3,7,8-TCDf, 1nd the total concentrAtions of the congeners of P.ACh 
class of PCDD/PCDF for e.ch s1.ple 1n1lyzed, expressed In nanogra.s 
lCDO per gra• of sa.ple (that Is, plrts-per-bllllon) •s detenained 
fro• the raw data. If no PCOD/PCDF are detected, the notation "Not 
Detected" or "N.D." Is used, and the •inl~ detectable concentrAtions 

(or detection ll•its) are reported. 

10.1.6 The sa .. r1w 1nd c1lcul1ted dati which are provided for the 
actual st~les will also be reported for the duplicate an1lyses, the 
.. thod blank analyses, the spiked sa.ple analyses and any other QA 
or perfor..nce sa.ples analyzed In conjunction with the actual sa.ple 
set(s). 

10.1.7 The recoveries of the Internal stand1rds In percent. 

10.1.1 lhe recoveries of the native PCOO/PCDF fro. spiked sa.ple1 
In percent. 

10.1.9 The calibration d1t1, Including response factors calculated 
fro. the three point calibration procedure described elsewhere In this 
protocol. Data showing that these factors hi•• been verified at le1st 
once during each I hour period of operation or with each separate set 
of sa~les analyzed .ust be Included. 

10.1.10 The weight or quantity of the original sa.ple tnalyzed. 

· 10.1.11 Docu.entttlon of the source of all PCDD/PCDF standards 
used and available specifications on purity. 

10.1.12 In addition to the ttbles described above, each report of 
analyses will Include all .. ,, chro.atogra.s obtained for all sa~les 
analyzed, as well as for all calibration, 6C colu.n perfona~nce, and 
6C "window" definition runs and results of colu.n perfonaance checks. 

VnJJ I 

10.1.13 Any deviations fro. the procedures described In this protocal 
which are applied In the analyses of 11.ples will be docu.ented In 
detail In the analytical report. 

11. Typical Dati Indicative of ~thod Perfonaance- Precision and Accuracy. 

11.1 The .ethod described herein has typically been eMployed to 
quantitatively detenalne 2,3,7,1-lCOD tn ca.bustlon product SAMPles at 
concentrations as low as 10 ptcogr1.s/gra• and as high at 100 ~g/g. 
Concentrations of the other PCOD/PCDF which can be detected typically 
fall within the rAnge of 20 plcogrl.s/lsa.er/grl• of sa.ple, to 100 
plcogra•s/g of s1.ple. Of course, the ll•lts of detection which can 
be practically achieved are dependent on the qu1ntlty of sa.ple Avalllble 

-20-



I 

~ 
I 

I 

"' ~ 

"'"" "• i!!!L.. 
O.IID 
I. liD 
I.IID 
I.IID 
I.IID 

lt.IID 

II.IID 

n.• 
U.IID 
Zl •• 

li.IID 

li.IO 

,., 
1
" M.·~.OWJ!ffi',l"c!S1MfCt!Ji!!r '' 

!!!!! 
loJocll ... , telltiHI 
TWit • UIU eel" 

"''" -· -· u nrc - C81- II• te Mil -INMteP 

.:.•-·-~~---•• SC.rt letro ,_"" - • --· .............. -· 
St .. '"",...,.. 
Stllrt ...... ,___. 

lll - " ............ -· 

"''" •-· _,. to ZH" 
tal- ,_ .. "" .... 

SC.O'IIOU ........ 

Sllrt M111 ,...._, , ... • 

liO -· li•IMII • O,za IIC, 

Ito 
Ito 
Ito 
ZIS 
ua 

no 
ZH 

ZH 

C-26 

·--·-" ..... s--... ,.,, 

, ..... 
Hl.t• ., ... ...... 
lii.MI 
Jll.nr 
Jll.nt 
JIP ... 
:lli.IJ7 
J7J .... 

lrt.llt 
na.no 
:ar.•J 
UI.IIO 
lU.nl 
lll.ftl .. , .. , 
111.nr 
JH.ftl 
JU.UI 
J71.UI ..... 
311.111 
lii.IU 
411.1!11 
IU,ISI 

. ... "" ,, 
'" ... ' !p 

.ac•r .atl. 
Nl" .,. 
"I" N • .,. 
"r II • 
IIJ• 

...cac,r _,. 
11)" ... ,. 
II)• 
11•1)0 

II)• 

N-cac•r 
NoCGCl • 
Ill. 
11•2)0 

"r II o 
1101)0 

~~r II • 

TtDr 
reDO 
raw 
raw 
"Cu•TCZif' 
TCIID 

IFc: •• rCDD 
11Cu·fC. 
*1ft•• 

""' -"'"' I'!CW 
'"liD -II!OPI•· 

... car 
Nata 
MICIW 
MICOP ••c,,_...aw 
llllcml 
M1CIID 
••c,, ..... ca 
liD'[ I. 

.......... tt 
r~otenttcal .., .. 
ef [HJ•·t ... ll 

o.rr 

o.1r 

0.11 

J.ll 

I.U 

1.U 



I .... • I 

(I lOtH ,. .. 
!!.!!L !!!:!. 
ll.OO h~UI t .... INVM tl UO•C 
J6.00 ,.,,~ t....,.u"" Ml4 

U.SO St" Me•• ,....,. .. 
•l.DCI 

5l.DCI 

SJ.50 

s•.oa 
li.OO 

Stert NttiU ,...,,.; ,..,. • 

lSO till; tt•J•n • O.lD IIC. 

Slll MIU ,.,.,.... 

Start OCu ,.,~r••' , .... • 
l50 t•: tt•IMII • O.JO tee. 

'"'" t ..... ,...,. .. c. no• 
Col..- ...... ,.l.llrl ••• 

U.OO StH OcU ,. .. , .. 

U.DCI 
71.1)0 
75.00 

.... t. , ... .,.... .. t8 .. 
Col.-. t....-uwrt Jlel4 
C.O.I ,.,..,.. tl Ito• 

IC COI
t_.-IWN 

("Cl 

ns 
no 

zsa 

zsa 
Uci 

zso• 
uo• 

T-""'" , ........... 
{-tl!tlll 

·--~
_, ..... 
s_,,__ ,.,,. 

, ...... . ... , 
t~~r.ra ... ,, 
cn.nr 
us.7u 
477.710 

171.711 
ltt.nc 
U1.7U 
UJ.7t0 
ISJ.771 
ur.m 
III.US 
.... 7, 
471.771 
m ... , 

'""'n' •' ,Pip!tll 1111 

II·CDCir _,. .,. ... ,. .,. .. ,,. 
II"] 

lloCIICI f. lloCOCI • .,. 
Ml]• 

·r •• llol)• .,. .. .,. .,. 

.. 
...:00 

"""' """' -.coo 
llaCIIII ..... 
OCIIf 
OCilll 
ocor 
ocor 
"Cu.ocDr 
ocoo 
OCilll ••c,,-«DD 
11Cu-4CDG 
OOI'l•· 

1 "11t10f'l. ,._,. OOP(. lOft. oaPl IPI tMret'tl&t•t ... ,. •HttN&a (niiiC"ftlrt .. Ileal ... , -&Kale,._, •UCIII.,.., -.cal ... •, 

111. HCICiilllrHttflltttYI """'"· 

•U• ••r••urt ,,...,. ,.,, ,,. .,.""''' ,.,. , ...,_" .. , .... stltu u.tUary IC at..- CMl_. •ttll •·1 . 

... 
I • ,., ... 

I I 
I -! = ,., ~ ... ... ,., 

i - ~ -c 

I 
.... ... 
! -i I .. 

i i .... 
~ s .., ,., 

i ~ ,.. 
-c "' "' ,., 
"' 

c-27 

-t•tt 
r-.clcol 
lute 
,, ["]•:r.••t]• 

I.Ol 

I.Ol 

a.• 
o.aa 

0 
:::0 :r.::--· 



() 
I 

N 
co 

DRP: 
~eco..ended Safety and Handling Procedures In Conn~ctlon with imple~ntlng 

The Analytical Protocal for Deter•lnAllon of PCOO/PCDF In COMbustion Products 

1. The humAn toxicology of PCOO/PCDF Is not well defined at present, 
!though the 2,J,7,8-JCOD lsa.er hAs been found to be ecnegenlc, 
arclnogenlc, lnd teretogenlc In the course of laborltory enl.al 
.tudles. The 2,1,7,8-TCDD Is 1 solid 1t r~ te.per1ture, en~ has 1 
·elatlvely low vapGr pressure. The solubility of this co.pound In 
•ater Is only ebout 200 perts-per-trllllon, but the solubility In 
•arlous orgenlc solvents r1nges f~ 1bout 0.0011 to 0.141. lhe physlcel 
•ropertles of the 135 other tetre-through octechlorlneed PCDD/PCDF hive not 
•een well established, although It Is presu.ed that the physlcel 
•ropertles of these congeners 1re gener1lly sl•ller to those of the 
!,),7,8-lCOD lsa.er. On the bests of the 1vell1ble toxlcologlcel 
•nd physical property date for TCDD, this ca.pound, as well as the other 
•coo and PCDF, should be handled only by highly trained personnel 
•ho ere thoroughly versed In the appropriate procedures, end who 
1nderstend the assocleted risks. 

2. PCDD/PCDF end se.ples containing these are hindled using essentially 
the sa .. techniques as those .-ployed In hlndllng radlo1ctlve or 
Infectious .. terlels. Well-ventilated, controlled-access leboretorles 
tre required, end laboratory personnel entering these leboretorles should 
~e•r epproprlate sefety clothing, Including disposable coveralls, 
shoe covers, gloves, and face end held .. sks. During anelytlcal 
operetlons which .. Y give rise to eerosols or dusts, personnel should 
weer respirators equipped with actlveted cerbon filters. (ye protection 
equlp.ent (preferably full Ieee shields) .ust be worn et.all tl .. s 
while working In the anelytlcal leboretory with PCDD/PCOF. Verlous 
types of gloves c1n be used by personnel, depending upon the enelytlcal 
operetlon being acca.pllshed. lete• gloves ere generelly utilized, 
end when hAndling se.,les thought to be pettlculerly hAzerdous, en 
additional set of gloves Is elso worn btneeth the Jete• gloves · 
(for e•e.ple, Pleytex gloves supplie~ by -.erican Scientific Products, 
Cet. fto. 67216). lench-tops end other work surfeces In the leboretory 
should be covered with plestlc-blcked ebsorbent paper during ell 
anelyttcel processing. When finely divided s.-ples (dusts, soils, dry 
c~lcals) are being processed, r..avel of these froe se.,le contelners, 
as Nell IS other operations, lncludlnt weighing, trensferring, end 
•lxlng with solvents, should 111 be ecca.pllshed within 1 glove box. 
Glove bo•es, hoods end the effluents froe eechenlcel vecuP~ pu.,s end 
ges chroeetographs on the .. ss spectro.eters should be vented to the 
et.osphere preferebly only efter pesslnt throuth HEPA perttculete 
filters end vapor-sorbing chercoal. 

3. All laboretory ware, sefety clothing lnd other lteas potentlelly 
conte•lneted with PCDD/PCDF In the course of lnalyses .ust be carefully 
secured and subjected to proper dispose!. When feeslble, liquid wastes 
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are concentrated, and the residues are placed In approved steel h1z1rdous 
waste dru.s fitted with heavy gauge polyethylene liners. Glass and 
cu.busttble lte.s are ca.,acted using 1 dedicated trash comp1ctor used 
only for hazardous waste .. terlals and then placed In the SIMI type 
of disposal dru.. Disposal of accu.ulated wastes Is periodically 
ltca.pllshed by high teaperature Incineration It EPA-Approved facilities. 

4. Surfaces of laboratory benches, apparatus end other appropriate 
areas should be perlodlcllly subJected to surfece wipe tests using 
solvent-wetted filter piper which Is then 1nalyzed to check for PCDD/PCDF 
contl•lnetlon In the llborllo'J. lyplclllr, If the detectable Jewel 
of ICDD or ICDf fro. such 1 test Is trelter thin SDng/•1 , this Indicates 
the need for decont .. lnltlon of the l1bor1tory. A typical action ll•lt 
In ten.~ of surfece conte•lnatlon of the other PCDD/PCDF (sum.rd) Is 
SODng/•1

• In the event of 1 spill within the l1bor1tory, 1bsorbent 
paper Is used to wipe up the spilled .aterlal and this Is then placed 
Into 1 hazardous waste dru.. lhe cont1•lnated surflte Is subsequentlJ 
cle1ned thoroughly by washing with lpproprlate solvents (~thylene 
chloride followed by .. thanol) and laboratory detergents. This Is 
repe1ted until wipe tests Indicate that the levels of surface cont .. tnatlon 
are below the ll•lts cited. 

5. In the unlikely event thlt 1nalytlcal personnel experience-skin 
cont1ct with PCDD/PCDF or sl.,les contAining these, the cont••lnated 
skin 1re1 should 1.-edletely be thoroughiJ scrubbed using •lid so1p 
lnd w1ter. Personnel Involved In 1ny such eccldent should subsequently 
be taken to the nearest .. dlc1l facility, preferably 1 flclllty whose 
staff Is knowledgeble In the toxicology of chlorinated hydrocarbons. 
Again, disposal of cont1•ln1ted clothing Is ecco.,llshed by plec;~g It 
In hlzerdous waste dru.s. 

6. It Is desirable that personnel working In lAboratories where 
PCDD/PCDF are h1ndled be tlvel periodic physical exe•lnatlons (at 
least yeeriJ). Such ea .. lnatlons should Include specialized test;, 
1uch IS those for urlni'J porphyrins and for certlln blood para .. ters 
which. blsed upon published cllnltll observations, Ire appropriate for 
persons who .. , be e•posed to PCDD/PCDF. Periodic fec111 photographs 
to docu.ent the onset of der.etologlc proble.s are also advisable. 

-26-



DATE: 
CLIENT ID: 
TLI NO.: 
OBJECTIVE: 

TRIANGLE LABORATORIES, INC. 
801-10 CAPITOLA DRIVE 

RESEARCH TRIANGLE PARK, NC 27713 
919 544-5729 

25 MARCH 1988 

CASE NARRATIVE 
70H MODEL 

ENTROPY ENVIRONMENTALISTS 
12191 & 12192 

ANALYSIS OF MM5, ASH, LIME AND TOLUENE RINSE SAMPLES 
FOR THE PRESENCE OF MONO- THROUGH OCTACHLORO
DIBENZODIOXINS AND DIBENZOFURANS BY HIGH-RESOLUTION 
GAS CHROMATOGRAPHY/HIGH-RESOLUTION MASS SPECTROMETRY 

Sample Management 

The samples received on February 25 were divided into two groups 
of samples, each being assigned a different TLI project number 
(12191 and 12192). The MM5 samples were combined and processed 
under TLI Project 12191 while the ash and XAD modules samples 
;-rere processed under TLI Project 12192. This data package 
reports the results from the analysis of five front-half MM5s, 
five back-half MM5s, one field blank MM5, one lab blank MM5, 
seven ashes, one lime, one toluene rinse and three XAD modules. 

Sample Preparation 

The samples were prepared by using the methods described in the 
ASHE analytical protocol. The solid samples are extracted by 
using toluene in a Soxhlet extractor for 16 hours and the aqueous 
samples are extracted with hexane in a jar. The sample extracts 
are then subjected t6 a series of chromatographic (Biosil, 
alumina and carbon columns) cleanups as described in the ASHE 
protocol. 

All the samples (including the quality control and method blank 
samples) were fortified with 10 ng of the tetra- through 
heptachlorinated internal and surrogate standards and 20 ng of 
the octachlorinated dibenzodioxin internal standard. This was 
accomplished by using the sample fortification solution described 
in Table 1. Note that the XAD resin from the MM5 samples, which 
were pre-spiked with 10 ng of the surrogate compounds before the 
sampling session, were not fortified with the surrogate compounds 
before the extraction procedure. 

The solution contains eight carbon-labeled PCDD/PCDF standards .. 
The 13 Clz-2,3,7,8-TCDD internal standard is used to quantify 
TCDDs and TCDFs, 13Cl2-1,2,3,7,8-PeCDD is used to quantify PeCDDs 
and PeCDFs, 13Cl2-1,2,3,6,7,8-HxCDD is used to quantify HxCDDs 
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and HxCDFs, 13 Cl2-1,2,3,4,6,7,8-HpCDD is used to quantify HpCDDs 
and HpCDFs, and 13 C12-0CDD is used to quantify OCDD and OCDF. 

The sample processing and fortification schemes used for the 
front-half and back-half MM5 components are shown in respectively 
Figures 1 and 2. Figure 3 summarizes the sample processing and 
fortification schemes for the combined MM5 samples (field and 
laboratory blanks). 

Document Control 

The Document Control package contains all laboratory records 
received or generated during the sample handling by Triangle 
Laboratories. 

Data Package 

On the enclosed sample data sheets, the concentrations are given 
in parts per billion (ppb) for the ashe samples and ng per sample 
for the Mt-15 samples. "RT" is the gas chromatographic retention 
time in minutes and seconds, "number" is the number of GC peaks 
identified as PCDD/PCDF isomers in the totals reported for each 
homologous series, and "ratio" is the integrated ion abundance 
ratio observed for the M to M+2 ions of the tetra- through 
pentachlorinated isomers and M+2 to M+4 for the hexa- through 
octachlorinated isomers. "DL" is the detection limit for samples 
presenting an analyte response that is less than 2. 5 times the 
background level. "EMPC", representing the estimated maximum 
possible concentration, is reported for GC/MS signals eluting 
within the PCDD/PCDF retention time windows established with the 
daily GC performance analysis, and which are characterized by a 
signal-to-noise ratio in excess of 2.5:1 but do not meet all of 
the qualitative identification criteria listed below. The "EMPC" 
is calculated by using the same expression used for reporting the 
identified analyte concentrations. The "DL" and "EMPC" are both 
reported in the units described above. 

For quantifications, 
monitored is used. 
counts for each 
detection limit. 
wet weight basis. 

ion 
The 

the sum of the peak areas for the two ions 
When no peak is detected, an area of 10 
(total 20 counts) is used to calculate the 
results of the ash samples are given on a 

High-Resolution Gas Chromatography I 
High-Resolution Mass Spectrometry 

For GC/MS analysis, the final residue was dissolved in 20 uL of a 
toluene solution containing the recovery standards shown in 
Table 1. The recoveries of the carbon-labeled tetra- and penta
chlorinated dibenzodioxins internal standards were calculated by 
using 13 Cl2-1,2,3,4-TCDD as the recovery standard. The 
reco\·eries of higher homologues ( hexa- through octachlorinated 
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congeners) were determined relative to 1 3Ct2-1,2,3,7,8,9-HxCDD. 

The concentrations of 3 7 Cl4 -2,3, 7, 8-TCDD and 13 Ct 2-2,3, 7, 8-TCDF 
in the final extract are calculated relative to 1 3 Ct 2-2, 3, 7, 8-
TCDD. The concentration of the third surrogate standard (i.e., 
13Ct2-1,2,3,4,7,8-HxCDF) is measured against 13Ct2-1,2,3,6,7,8-
HxCDD. 

The samples were analyzed by using a VG 7070H mass spectrometer 
operated in the selected ion recording mode, at a resolving power 
of 8,000. A VG 11/250 data system was used to acquire the data. 
A Varian 3700 GC , equipped with a fused-silica capillary column, 
was employed. One uL of the 20-uL final sample volume was 
analyzed by using the GC conditions summarized in Table 3. 

Initial Calibration 

The mass spectrometer response was calibrated with the help of 
the set of six initial calibration solutions shown in Table 2. 

An acceptable calibration must meet the following criteria: 

1) The percent relative standard deviations for the mean response 
factors from each of the unlabeled analytes (Table 2) and of the 
internal standards (Table 2) must be less than 20 percent. 

2) The signal-to-noise ratio (S/N) for the GC signals present in 
every selected ion current profile must be ~ 2.5. 

3) The ion abundance ratios must be within the specified control 
limits (see identification criteria). 

Continuing Calibration 

A continuing calibration was demonstrated every 12 hours by 
injecting one uL of solution number 4 from Table 2. The response 
factors ( RFs) used for the calculation of the analyte 
concentrations Here obtained from the daily continuing 
calibration check (vide infra). For the total homologous 
PCDD/PCDF concentrations (e.g., total HxCDDs), the RFs were 
taken, Hhen applicable, as the average of the RFs for the 
individual congeners listed in the continuing calibration 
reporting form. Note that Hhen only one isomer is present, a 
discrepancy may appear between the reported concentration for the 
individual isomer and the total, as a result of using a different 
RF. 

The continuing calibration delta RF (on the data sheets) 
corresponds to the relative percent difference between the daily 
RF and the initial calibration RF. 

An acceptable continuing calibration run must meet the following 
criteria: 
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1 ) The me as u red R F s ( for the u n 1 abe 1 e d as we 11 as 1 abe 1 e d 
compounds) obtained during the continuing calibration run must be 
within 20 percent for tetra- through heptachlorinated compounds 
and 25 percent for octachlorinated compounds of the mean values 
established during the initial calibration. 
2) The ion-abundance ratios must be within the allowed control 
limits listed below. 

Confirmation Analyses 

For confirmation of 2, 3, 7, 8-TCDD and 2, 3, 7, 8-TCDF 1 the samples 
were analyzed on a second high-resolution GC column (SP-2331/DB-
17) also under high-resolution mass spectrometric conditions. 

Identification Criteria 

The positive identification criteria used for the 
characterization of polychlorinated dibenzodioxins and 
dibenzofurans are as follows: 

1) The integrated ion abundance ratio (M+/M+2 or M+2/M+4) must be 
1..;i thin 15 percent of the theoretical value. The acceptable ion 
abundance ratio ranges for the identification of chlorine
containing compounds are: 

M/M+2 
tetra 0.65-0.89 
penta 0.52-0.70 

H+2/M+4 
hex a 
hepta 
oct a 

1.05-1.41 
0.87-1.17 
0.75-1.01 

2) The retention time for the analytes must be within 3 s of the 
corresponding 13 C-labeled internal standard or surrogate 
standard. 

3) The monitored ions for an analyte must maximize within 3 s. 

4) The identification of specific isomers that do not have a 
corresponding 13C-labeled standards is done by comparison of the 
relative retention time (RRT) of the analyte to the nearest 
internal standard retention time with reference (i.e. 1 within 
0.005 RRT units) to the comparable RRTs found in the continuing 
calibration. 

5) The (S/N) for all monitored ions must be greater than 2.5. 

6) The confirmation of 2 1 3 1 7~8-TCDD and 2,3,7,8-TCDF must satisfy 
all of the above identification criteria. 
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TABLE 1: COMPOSITION OF THE SAMPLE FORTIFICATION AND RECOVERY 
STANDARDS SOLUTIONS 

(concentrations in pg/uL) 

Analyte Sample Fortification 
Solution 

taCt2-2,3,7,8-TCDD (IS) 
t3C 12 -1,2,3,4-TCDD (RS) 
37Cl4-2,3,7,8-TCDD (SS) 
t3C12-2,3,7,8-TCDF (SS) 
13C12-1,2,3,7,8-PeCDD (IS) 
tac12-1,2,3,6,7,8-HxCDD (IS) 
13C12-1,2,3,7,8,9-HxCDD (RS) 
t3Ct2-1,2,3,4,7,8-HxCDF (SS) 
taCt2-1,2,3,4,6,7,8-HpCDD (IS) 
t3C12 -0CDD (IS) 

100 

100 
100 
100 
100 

100 
100 
200 

Recovery Standards 
Solution* 

500 

500 

IS = Internal Standard; SS = Surrogate Standard; RS = Recovery 
Standard 

* = The concentration of the recovery standards used for the MM5 
samples is 250 pg/uL. 

Note: The volume of the recovery standards solution added to the 
final extract before GC/MS analysis is 20 uL. 
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TABLE 2: COMPOSITION OF THE INITIAL CALIBRATION SOLUTIONS 

Compound 
Sol. Number 1 

Unlabeled 
Analytes 

2-MoCDD 
3-MoCDF 
2,3-DiCDD 
2,3-DiCDF 
1,2,4-TrCDD 
2,3,8-TrCDF 

2,3,7,8-TCDD 
2,3,7,8-TCDF 
1,2,3,7,8-PeCDD 
1,2,3,7,8-PeCDF 
2,3,4,7,8-PeCDF 
1,2,3,4,7,8-HxCDD 
1,2,3,6,7,8-HxCDD 
1,2,3,7,8,9-HxCDD 
1,2,3,4,7,8-HxCDF 
1,2,3,6,7,8-HxCDF 
1,2,3,7,8,9-HxCDF 
2,3,4,6,7,8-HxCDF 
1,2,3,4,6,7,8-HpCDD 
1,2,3,4,6,7,8-HpCDF 
1,2,3,4,7,8,9-HpCDF 
OCDD 
OCDF 

Internal 
Standards 

t3Ct2-2,3,7,8-TCDD 
t3Ct2-1,2,3,7,8-PeCDD 
t3Ct2-1,2,3,6,7,8-HxCDD 
t3C 1 2-1,2,3,4,6,7,8-HpCDD 
13C12-0CDD 

Surrogate 
Standards 

37Cl 4 -2,3,7,8-TCDD 
t3Ct2-2,3,7,8-TCDF 
t3Ct2-1,2,3,4,7,8-HxCDF 

Recovery 
Standard 

t3Ct2-1,2,3,4-TCDD 
t3Ct2-1,2,3,7,8,9-HxCDD 

5 
5 
5 
5 
5 
5 

5 
5 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
50 
50 

100 
100 
100 
100 
200 

5 
5 
5 

100 
100 
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Concentrations (pg/uL) 
2 3 4 5 6 

10 
10 
10 
10 
10 
10 

10 
10 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

100 
100 

100 
100 
100 
100 
200 

10 
10 
10 

100 
100 

50 
50 
50 
50 
50 
50 

50 
50 

250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
500 
500 

100 
100 
100 
100 
200 

50 
50 
50 

100 
100 

100 
100 
100 
100 
100 
100 

100 
100 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 

1000 
1000 

100 
100 
100 
100 
200 

100 
100 
100 

100 
100 

500 
500 
500 
500 
500 
500 

500 
500 

2500 
2500 
2500 
2500 
2500 
2500 
2500 
2500 
2500 
2500 
2500 
2500 
2500 
5000 
5000 

100 
100 
100 
100 
200 

500 
500 
500 

100 
100 

1000 
1000 
1000 
1000 
1000 
1000 

1000 
1000 
5000 
5000 
5000 
5000 
5000 
5000 
5000 
5000 
5000 
5000 
5000 
5000 
5000 

10000 
10000 

100 
100 
100 
100 
200 

1000 
1000 
1000 

100 
100 



TABLE 3: GAS CHROMATOGRAPHY CONDITIONS 

Column type 
Length (m) 
i .d. (mm) 
Film Thickness (urn) 
Carrier Gas 
Carrier Gas Flow (mL/min) 
Injection Mode 
Valve Time (s) 
Initial Temperature (° C) 
Program Temperature 
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DB-5 
60 

0.25 
0.25 
Helium 

1-2 
splitless 
30 
150 
150° C to 190° C ballistically 
then 3° C/min up to 300° C. 
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Standard Test Method for 
CARBON AND HYDROGEN IN THE ANALYSIS SAMPLE OF 
REFUSE-DERIVED FUEL' 

1 bit 11andard Is lnurd unolrr lhr find drslanallon E 717; the number lmmedi11cly rnllo,.,lna the drsianaliBn inoliraln lhr yur nr cwiJinallldoplion or,ln the tlse or revision, lhe :reat of lasl revision. A number In porenlhnn indic11n the yur nr lou rc•t•Pro•ll. " wpcncrlpl epsilon (rllndkalcs an editorial chanac IInce the last revision cw reapprove!. . 

I. Scope 

1.1 This mel hod covers the determination of 
Inial carbon and hydrogen in a sample of rc· 
fu~e-derived fuel (RDF-3). Both carbon and 
hydrogen are determined in one operation. 
This method yields the total percentages of 
carbon and hydrogen in RDF-3 as analyzed 
and lhe results include nol only the carbon and 
hydrogen in the organic maller, but also the 
carbon present in mineral carbonates and the 
hydrogen present in the free moisture accom
r:~nylng lhe analy!ls sample as well as hydro
sen present as water or hydration. 

NorE 1-11 is recognized lhal certain technical 
•rrlicalions or lhe data derived from this test pro
cedure may justify additional corrections. These cor
rections could Involve compensation for the carbon 
presenl as carbonate!, the hydrogen of free moislure 
ucompanying the analysis sample, and the calcu
lated hydrogen present a! water of hydration. 

, 1.2 This method may be applicable to any 1 
Yiaste material from which a laboratory analy-

; sis sample can be prepared. 
1.3 Refuse-derived fuel-3 (RDF-3) is de

fined as a shredded fuel derived from muncipal 
solid waste (MSW) which has been processed 
to remove melal, glass, and other inorganics. 
This material has a particle size such thai 9.5 
.-eight % passes through a 2-in. square-mesh 
Jcreen. 

Nore 2-0ther refuse·dt:rived fuel may be clu
tilicd as follows: 

RDf-1- Wastes U5ed as a fuel in a discarded 
form. 

RDf-2- Wastes processed to coane particle sire 
• wilh or withoul ferrous metal separa-
\ lion. 
~ RDf-4- Combustible waste processed inlo pow-

der form, 9S wright % pn~~ing 10-mr~h 
screenins. 

RDF-S- Combustible waste .drnsifird (cnm· 
pre5sedl into the form uf pdlrt~. slu~~. 
cubeue~. or hriquelles. 

RDF-6- Combustible WR5te rrocrs~rtl intll li··· 
uid fuel 

RDF-7- Combuslihle was!e procu~ctl iuln ga~· 
eous fuel. 

:Z. Applicable Uornmenl!i 

2.1 ASTM Stmulr~rdf: 
D 1193 Specification for Reagent Wntcr1 

E 790 Test Mclhod for Residual Moisture in 
Refuse-Derived r'ucl Analysis Sample' 

E 791 Test Melhod for Calculating Rcfu~e
Derived r'ucl Anal)'sis Data from As-l>clcr
mined lo Diffcrcnl llascs1 

3. Summary of l\1cthod 

3.1 The determination i5 made hy hurning 
the sample to convert nil of the carhnn h• 
carbon diollide and all of lhc hydrogen to 
water. The comhuslinn is carried out hy high 
purity ollygen thai hns been passed through a 
purifying train. The carbon diollidc and water 
are recovered in an absorption train. The com
bustion lube packing is used to remove any 
interfering substances. This method gives the 
lotal percentages of carhon and hydrogen in 
the RDF-3 as analyzed, in~huling the carhnn 
in carbonates and the hydrogen in any fnrm of 
water. 

1 "1 his mrlhnd is under lhr juri«lirlilln nf AS I M Cnmn•illrr 
E-Jft on Rnomcr Rrccn·rry and i• lhr direct rr•p•mihitily nr 
Suhconunillu Elft.nJ on Enrrsy. 

Current edition appro•·rd Jan. JO. t9ftl. rul>li!ltrd M~rrh 
t9ftl. 

1 ,f,wnfB,.,l: rrf.IST.It ."itttntlrlttl•. Vnll I 01. 1 ,fnn11nl ,,_,~ •iJ ASl'AI ."i111ntlnrrl•. Vnl ti.04. 
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I. Slgnlncance and ll~e 

4.1 The Mandard s:amplc is availahlc to pro
luccrs and users or RDF-J as a method of 
lctcrmining the weight percent of carbon and 
1ydrogcn in the analysis sample. 

4.2 Carbon and hydrogen arc pari of the 
ohimatc analysis of a fuel and can be used for 
::alculalions of combustion paramclcrs. 

i. Apparatus 

5.1 O:cyge•o-Puri/Jillg Train-The high-pu
ity mygcn is passed through water and carbon 
lioxide absorbers prior to usc for combustion. 
rhe oxygen-purifying train consists of the rot
owing three unils in order or passage of oxnen 
~ce Fig. I): 

5.1.1 Fir.u IVnlt'r Absorbu-A container 
onstructcd so that the oxygen must pass 
hrough a column of reagent The container 
hall have a capacity for atleast4S em~ of aolid 
cagenl, and the minimum gas travel through 
he reagent shall be at least 80 mm. A container 
of large volume and long path of oxygen travel 
hrough the reagent will be found to be advan
agcous where many carbon and hydrogen dc
erminations arc made. 

5.1.2 Cnrbon Dioxide Absorber-If solid re
gents arc used for carbon dioxide absorption, 
he container shall be as described in S.l.l. lr 
, solution is used, the container shall be a 
lanicr bulb. It shall provide a column of re
gent adcquale to remove the carbon dioxide 
omplelcly. 

5.1.3 Second Water Absorbtr-Samc as 
pccificd in 5. 1.1. 

5.2 F/oK"me/er, used to permit volumetric 
ncasurement of the rate of now of oxygen 
luring the determination. It shall be suitable 
ur measuring now rates within the range from 
.o to 100 ml/min (standard temperature and 
ucssure). The usc of a double-stage pressure
educing regulator with gage and needle valve 
~ recommended to permit easy and accurate 
.djuslmcnl lo the rale of now. 

S.3 Comhuslion U11i1, consisting of three 
Jectrically heated furnace seclions, individ
oally conlrolled, which may be mounled on 
ails for easy movement. The upper pari of 
ach furnace may be hinged so 1hat il can be 
•pcncd for inspection of the combustion tube. 
·he three furnace sections shall be as follows 
<ce f'ig. I): 

5.J.I 1-imonrt' Scrlion /-Furnace section I 
is nearest the nxyr,en inlet end of the combus
tion tuhe, npproximatcly 130 mm long and 
used to heat the inlet end of the combustion 
tube and the sample. II shall be cnpable or 
rapidly nllnining 1111 operating temperature of 
875 :1: 258 C. 

NoJF. 3-Cnmho,.lion whc lcmpcralurc shall be 
mca•111~d by means or a thermocouple placed Im
mediately adjacenl In the tube ncar the center or the 
appropriale 111he aeclion. 

5.3.2 1-imrnrt' St'Ciinn l-Furnacc section 2 
shall be approximately JJO mm in length and 
used to heal thai portion or the tube filled wilh 
cupric oxide. The operating temperature shall 
be RSO :1: 2o•c (sec Nole 3). 

S.J.l Furnnrt' St'Ciion J-furnace section l 
shall he approximately 230 mm long, and used 
to heat thai portion of the tube filled wilh lead 
chromate or silver. The opc:raling temperature 
shall be soo :1: so•c. 

S.l.4 Cnmhu.r1im1 Tuht, made of fused 
quartz, or high-silica glass and having a nomi
nal inside diamclcr which may vary within the 
limits of 19 to 22 mm and a minimum total 
length of970 mm. The exit end shall be tapered 
down to provide a tubulatcd section for con· 
nection to the absorption train. The tubulaled 
seclion shall have a length of 20 to 2.5 mm, an 
Internal dinmclcr of not Jess lhan 3 mm, and 
an elllernnl diameter of approximately 1 mm. 
The total length of the reduced end shall not 
exceed 60 mm. If a translucent fused quartz 
tube is used, a lransp:ulnc scc.tion 190 mm long, 
located 250 nun from the oxygen inlet end of 
the tube, will be found convienicnl (sec Fig. 2). 

S.l.S Com/lu.rtion /Joat, made or glazed por
celain, fused silica, or platinum. Boats with 
internal dimcnsiom of approximately 70 by 8 
by 8 mm have hccn found convenient. 

S.4 Ah1nrp1ion Train, idc:ntiC:llto the oxygen 
absorption train indicated in S.l to obtain sys
tem equilibrium. Therefore. the absorplion 
lrain shall consist of the following units ar
ranged as listed in the order of passage or 
oxygen (sec fig. 1): 

S.4.l First Wattr Absorber, as described in 
.S.I.I. 

S.4.2 Cnrbo11 Dioxide Absorber, as described 
in .5.1.2. 

.S.4.l Sernml IVntcr Absorber, as described 
in !i.IJ. The second waler absorber is also 
known as a guard tnhc. 

i I 
I 

I • ,. 

,. 
• •· 
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6. Rcagrnl! 
6.1 Purify of R!agenu-Reagcnt grade 

chemicals shall be used in all lesls. Unless 
olhcrwise indicated, it is intended that all re
agents shall conform lo the specilications of the 
American Chemical Society, where such spec
ifications are available.• Olhcr grades may be 
used .. provided II is first ascertained that the 
reagent is of sufficiently high purily to permil 
lis use without lessening the accuracy of the 
delcrminalion. 

OCCC!Sary IO add I rew d10ps or waiCf 10 tlois rCa~enl 
to a .. ure complclc ahsorpuon nr carbon dioddc. 

7. Pnnutlon~ 

6.2 furity of Jl'attr-Unless otherwise indi
cated, references lo water shall be understood 
lo mean reagent water, Type Ill, conforming to 
Spccilicalion D 119]. 

6.) OX)'gen, with minimum acceptable pu-
rity 99.5 %. 

NoTE 4-lr the blank lest• ror now (ICC 1.3.2) 
Indicate interferint Impurities In the oxyaen aupply 
by consislenl wela• t-aaln In the absorbers, eliminate 
these lmpurhlea by u'lna a preheater furnace and 
tube. filled with c11r.rlc oxide. Operate this preheater 
atl50 :t: 20"C and nsert In 1cries between the 1upply 
tank or oancn and the purification train. 

6.4 Combustion Tubt Reart>nrs: 
6.4.1 Cupric Oxidt (CuO), wire form, dust-

free. 
6.4.2 Fustd Ltnd Chrnmatt (PbCr04), ap-

prollimalely 2.3g to 0.84 mm in size. 
6.4.3 Si/a•cr Gauzt, 99.9 % silver minimum 

purity, 0.84 mm, made rrom approximalely No. 
27 D&S gnge wire. 

6.4.4 Copper Gauzt, 99.0 ~copper minimum 
purity, 0.84 mm, made rrom approllimalely No. 
26 B&S gage wire. 

6.5 Purijicarion nnJ Absorption Train Rt-
agt>nts: " 

6.S.t ll'artr Absorbent-Anhydrous magne
sium perchlorate (Mg(CIO.)a) approximately 
2.38 to 0.35 mm in size.• · 

6.5.2 Carbon Dioxide Absorbtnt-lf a solid 
reagent is used, il shall be sodium or polassium 
hydrollidc (NaOH or KOH) impregnated in an 
inert carrier approximately l.JB to 0.84 mm in 
size. Usc of soda lime in place of I he above or 
in admixture with them is permissible (NoteS). 
If a solution is used, it 5hall be 30 weight % 
potassium hydroxide (KOU). 

7 .I Due to the origin5 or JllH' in municipnl 
waste. common sense diclatc5 that some pra:
cautions· should he observed when wndurtin~ 
tests on the samples. Recommended hyr.icnir 
practices include usc of gl~vcs "·hen handling 
RDF; wearing dust masks (NIOSII-approvrd 
type), especially while milling RDF un•ple~: 
conducting tests under a ncgnth·c pressure hood 
when possible: and ""a•hing hand5 hcforc eal
ing or smoking. 

B. Preparation or Appar!IIU~ 
8.1 Combrmin" Tuht' PnrkiiiJ:-To en•urc

c:omplete oxidation or comhustilln priKIUrU 
and complete rcmoval·of interfering ~uh5tancc5 
such IS oxide• of suJ(ur. the cnmhu5tiun tul•c 
shall be packed with cupric oxide and lrP•I 
chromate or sllvc:r grou1e. The nrrnngemcrll 1nd 
lengths o( the tuhe filling• nnd sc-pnralin(: piUJ;5 
shall be as shown in Fig. 2 (sec Note 6). It is 
recommended that the tube he placed in a 
vertical position (c:onstrictc:d end do .. ·n .. ·ardl 
for packing. When filling the tuhc "·ith lend 
chromate, any residual reagent adhering to the 
walls or the empty portion or the tuhe mmt he 
removed. When silver gau1.e i5 used ns a tul•c
filling. lhe required length or lilting may .... 
prepared conveniently rrom thoee tlf rmrr Mrit" 
ISO to 200 mm in length. hy H•lling cad• suir 
into a cylindrical plug and insclling the strip5 
end-to·cnd in lhe tube. 

Non 6-longtr furnaces "'ilh •rr•••r•i••• 
lenglhs or tube packing willl:>c ~ali,raclory. 

8.2 Purijirmion nnd Ahsnrprin11 Trai11.1: 
8 .2.1 ll'nltr A b.<orhrrs- Fill a container. dc

sclibcd in 5.1.1. with n pernaissihlc solid .Jc<i•·· · 
cant, as described in 6.5.1, hy adding the rc· · 
quired amount in small portions and ~enlinr, 
each portion by gently tapping belween 11dJi· 
tions. Place a glas~ wool plug bet"·cen the 
reagent ond absorber outlet to prevent Joss or 
rcagenl dusl. 

NoTE 5-Aeceplablc carbon dioxide absorbing 
rcn~;ents u~in~; sodium or potassium hydroxide are 
sold under the lradcnanacs: Ascaritc, Caroaitc. and 
Mlknhhitc. U 5oda lime Is used In admiature with 
any or the rorc!oins. it •hould not eaceed lO wci~hl 
% of the total rca~:cnl. In u~ins A~carite it may be 

• ··Rcaftnl Chtnoinl<. American ('hrmical Snc:orlt Srcr 
llitolinnl. ' Am. l'hrnoical Soc .• Wa•hintlrn. I) l". I '" .. ,J 
sc•lions 11n lht lUI in& .. r rcosrn" nnl li<ltd loy lht Amtri._..n 
t:hcmical Soc:itly, ne R.-DJ,rttt c·,.,.,.,it••" o•t~l S,,...,,,,,,, 
(1961 rrviscd cdioion). loJ Jn••rh R'"'"· ll. Von tlncuan•l 
Cn .• Inc .• tlrw 'Vook. ti.'V .• and lhr l'nurJ Srn"' r••"""' 
rrtr.rilJ. • 

• 1 rr.·k·,.~n'r' C"f thi' rt:tFrnl arr Anln.,lrt'f\f 1'1 flrh\·drilr 
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8.2.2 Carbon Vioxid~ Ah.10rb~n-lr a ~olid 
rcagcnl is U5cd ror lhc rclcnlion or carbon 
dioai•lc. 6.S.2, lill lhe absorber, 5.1.2, as dc
scrihcd in 8.2.1. rlace I layer or Clll' or dniccnnl 
in the ou1let ~cclion or I he coni Riner; II shall be 
lhe same as lhat used in lhe water absorber. 
Thi~ layer shall have a hulk volume not len 
than one rourlh nor more than one lhird or I he 
com hi ned volume or both reagents. 

11.2.2.1 U a liquid absorbent is used. (illlhe 
inner lube or the Vanier bulb with the same 
desiccant used in the waler absorber. Jr a solid 
absorbent is used, rlace a glass wool rlug in 
the outlet section of the container to prevent 
loss· of reagent dust. 

8.2.3 Guard Tubl'-rack a container, as de
scribed in 5.1.1, with equal volumes or the 
water absorbent and a solid carbon dioxide 
absorbent. 

8.2.4 Cormrctlon.r-To ensure a closed sys
tem rrom the supply tank or oxygen to the 
guard lube at the end or the absorption train, 
h is recommended that all connections be alass
lo-r,i:lss or glass-to-quartz. bUJi joints with short 
lenglhs or nexible tubing as seals. The connec
tion between the purification train and lhe 
combustion tube may be made by means or a 
rubber 11opper or oJber suilable device. All 
connections shall be gas tight. No lubricant 
shall he used for making tubing connections in 
lhe absorption lrain. 

8.3 Co11diticming of ApparaluJ. 
8.3.1 NeM'I)' Packrd ConrbuJiion Tube

Durn a sample or RDF-3 as described in 10.4 
excepl lhat lhe produciS of combustion need 
not be fixed in a weighed absorplion train. 

8.3.2 Uud CombriJiion Tubr-Aflcr any ex
lcndcd shut down (one day or more) test the 
combuslion train under procedure conditions, 
bul wilho•JI burning a sample, for 40 min with 
weighed absorbers connected. A varialion or 
not more than 0.5 mg or both water and carbon 
diollide absorbers shall be considered satisfac
tory (see Nole 4). 

8.3.3 AbJorplioll Train-Condilion rreshly 
packed absorbers and guard tubes by burning 
a sample or RDF-3, as described in 10.4, except 
that the absorber weights need nol be deler
mincd. 

8.3.4 Make standard checks frequenlly, par
licularly when intermillenl use or the combus
tion train is common or when any changes have 
been made in the system. Durn a slandard 

substance uf ccrlilicd analysis, such as benzoic 
acid nr sucrnsc as furnished by the National 
Durc:m nf Slamlauls, as described in Section 
Ill. A varinlinn frmu I he lhcorclical ur nul more 
thnn 0.07 'Jo fur hydrogen nor more lhnn O.JO 
CA. ror crubon shall he considered salisractory. 

9. Sampling 

9.1 RI>F-3 products arc rrcqucnlly nonho
mogeneous. l'or this reason significant care 
should he exercised lo oblain a represenlative 
labornlory sample from the RDF-3 lot to be 
characteriz.cd. 

9.2 The sampling mclhod for lhis procedure 
should he based on agreement between the 
involved parlic.~. 

9.) The laboralory sample musl be air-dried 
and particle si1.e reduced to pass a 0.5 mm
scrccn fnr nnalysis. This procedure must be 
rcrformcd carefully to rreserve the sample's 
representative charatlerislics (other than par· 
ticle siz.e) while preparing lhe analysis sample 
to be used In lhe procedures.• 

10. Procedure 

10.1 ACier lhc combuslion lube and absorb
ers have been condilioncd as prescribed In 
Seclion 8, conducl lhe lest a& rollows: 

10.2 Al•.mrptlon TrniJ1-8ring lhe water and 
carbon dioxide absorbers lo room temperature 
ncar the balance for IS to 20 min, vcnl mo
mcnlarily lo the atmosphere, wipe with n cham
ois or lint-free clolh in lhe areas where handled, 
and weigh the walcr and carbon diollide ab
sorhcu lu lhe ncarcsl 0.1 mg. 

10.3 Snmplc-Afler lhoroughly mixing the 
RDF-3 analysis sample lo provide the bcsl 
rossihlc mix or heavy lines wilh milled nurr, 
weigh nrproximatcly 0.2 g to the nearest 0.1 
mg ur samrle into a combustion boat. 

Nmr. 7-The final millin& stage may produce 1 
suitahly miacd analysis sample withoul funher mia· 
in&. II is irnponant that no unwanJetl segregation of 
ranicle si1.es take place. True representation of the 
analysi• umplc musl be contained in lhe 200 m& 
u•etl for lhe analysis. 

I 0.4 Sample A Jlaly.riJ- With furnace sec· 
lions 2 and 3 at specified temperatures and 
posilioned as shown in Fig. 2, perform the 

'ASIM Suhccunmincc ElR.OI i1 currently in rhc prow• 
or dcveh•rint l"•><edurel rnr samrJin& R Df·) arod Jloc prt1'" 
aralinn or an anoly•i• sample. 
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following operations in rapid succession in the 
order listed: 

10.4.1 lr a convenlionnllype or sample heat
Ing furnace Is used for hc:alin& furnace section 
I, plnce llao that haleR-hand edac is aboul 100 
mm from I he oxygen Inlet end or the com bus-
lion lube. ' 

10.4.2 Allach lhe weighed absorplion lrain 
to the combuslion lube. 

10:4.3 Push lhe sample boat conlainin& the 
weighed sample inlo the combustion tube lo a 
point within approximately 20 mm from plus 
P, (see fig. 2). 

10.4.4 Close lhe tube and adjust the oxygen 
now to I rate or 50 to 100 mL/mln (standard 
temperature and pressure), being the same as 
used in blanking (see 8.3.2). 

10.4.S Apply full heat to heating seclion I to 
bring it to an operating lemperature or 850 to 
900°C as rapidly as possible. Move the heater 
slowly toward the boat so lhat it completely 
covens he boat and is broughlmto contact with 
furnace section 2 over a period or 10 to 20 min 
(Nose 8). Allow It to remain In lhls position for 
In additional S to 10 min, and then shut off lhe 
heat and return lhe sample heater to lis original 
position. Conlinue lhe now of oxygen through 
the syslem ror 10 min (Nose 9), close lhe ab
sorbers under a po~itlve pressure of oxygen and 
detach them from the train. Remove the ab
sorbers to lhe vicinity or the balance, allow 
them lo coollo room temperalure for 15 to 20 
min, vent momenlarily to the almosphere, wipe· 
them with a chamois or lint-free cloth in the 
areas handled, and finally weigh them lo the 
nearesl 0.1 mg. While the absorbers are cooling, 
it is recommended that lhe ash remaining in 
the combustion boat be examined for tracers of 
unburned carbon which, if present, will nullify 
the determination. 

Non 8-Some varialion in operalinJ lechnique 
and healer manipulalion may be permmed 11 lhe 
discretion or the analysl,provided thai it is conducive 
loa sradual and controlled release ofvolatile maller. 
CondiJions thai lead lo visible bumins (flame com-

bustion) of I he ~<ample shnll he 1vnided. 
NotE 9-Since water may condrn•e In thi nw•lrr 

oullel entl or the comhu•Jhon luhr nr in lhr inlrl arm 
11f the water ab•orher. lhe 11•e nr 111 c~lcrnal nr 
Internal hc:ll·cnnduclins tlevite tn ntc14l htal ""•lf:el 
II recommended In prevent Auch contlrnMiit\n ''' 
promote reevaroration durinsthis llu•hlna r••icl<l. 

II. Calc11latlon, 

II. I Calcula1e the pcrcenl:tge of cartn•n in 
the analysis sample as follows: 

A 
Cubon, 'lo - i >< 27.289 

where: 

A -increase in weighs or co, ah5orl>cr, g. 
B -grams of samrle u~ed, and 
27.289 .. percentage of carbtm in C02• 

11.2 Calculale the percenlage of hydrogen 
In the analysis sample RS follow~ c~ee Note II). 

. c 
llydr(!gen, 'lo • ;; >< 11.19 

where: 

C • Increase In weigh I or walcr ab~orl>rr, ~· 
B - arams or sample used, and 
JJ.I9 • percenlage of hydrogen in "'Birr. 

Non 10-The water absorbed in lhe '""Iter al>· 
sorber include• not only w11er (ormed u a product 
or combustion, bu1 also rree "·ater (nmisturc) in 1hc 
sample and "'Iter of hydration nf motrrials thot may 
be contained in RDf·l. 

11. Report ' ' 
12.1 The results or I he carbon and hydu•gcn 

analysis may be reported on nny of a numhcr 
or bases, differing from each Olhcr in the man
ncr by which moisture is lreall"d. 

12.2 The numerical moislure \·ahre esl:tb
lished by Method E 790 shall he used fur cnn· 
vcrting carbon and hydrogen data on lhe as
determined basis lo the dry basis as In Mcllu•d 
E 791. 

13. Precision 

13.1 Repealability and reproducibility ""ill 
be determined. 
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A llnwonrlrr (~.l) - combustion unit (5.)) 
B.C,D 

B 
c 
D 

oay~;<n puriryin& lrain (S.I) 
fiul wal<r ahsml>er (~.1.1) 

- carhnn dinaide absnrbcr (~.l.l) 
srcond walu ahsnrbtr (~.l.l) 

E. F, G, II, I 
E 
F 
G 
II 
I 

rumace section I (5.J.I) 
• rurnace section 2 (S.J.J) 
• lllrnace section ] (S.l.l) 
• combustion tube (S.l4) 

J, K, I. - absorption train (5.4) 
J - liul water absorbtr (5.4.1) 
K - carbon dioaide absorbtr (5.4.2) 
L - &uard tube (HJ) 

• combustion boat (S.lS) 

Non-C and K can auhslilule a Vanier bulb ir liquid absurbenl is used. 
FIG. I Set-Up of Apparatu1 

r----1 r------------,---------1 
1
1 ruru<Acr. I I I I sr.n 100 1 1 1 ruaiiArZ sr.cttlll 1 1 ruaiiAa ncr 1011 J 1 

""-~1 ! ! ..,..,, . ..., .. .M.1j""'-tP"-4+'-" 
--=.-~j ' .h lr----~=~----Jr:.:.:--1 ~ ~ 10- 10- Jn-

IOOO-

A - clear r ... ed 'I""'''· section (optional when a translucent quar1& tube Is used) 
B - cupric oaide lillin& 
C -lead chromate or silver &•ur.e follin& 

r •• r,, r, - oahlir.cd cn••rer aauze plugs 

NoTE- When rurnace s<clluns lnn&cr than those specified in 5.1 arc to be used, chanaealn the above dlmenslona thaD bt 
In accordance with provisions or Note 6. 

ru;. J Arungrmrnt of l"uhe Flllln1 for Combustion Tube 

Tltr Amrrlratt SnririJ' (t, l"r.llin~ n•ul M111rri111.o l114r.• "''""'ililltt rt'.ti'<'CIIttlt 1/o~ •alidiiV of tJtty ptJirnl tl1tlt1.t tJIJtnrJ llf ('(llllt«fiOII 
,..,,, tJtty ''"" n~rnllmord Itt rltlr ·"""""'"· Uur.o o/ rloir slttlldnfll '"' t'xprruly tJd•lstd 11ta1 dtltrmllfallolf tJ/ lllr ralldlry tf 11q IWA paltttl rl~ltiJ, attd rltr ritA ofl'lliln•rmrnl nf mdo rixhu, ar~ t'nlirrly 1hdr OM"tt r~.tp01ulhlllry. 

1hi• Jtnnd~~rtl ic .ur/oJ,.,.I '" ,.,.,.,, '" '"''' ,;,,~ hr 1hr , ... ,,,,,.,;/,ft' lahni<·nl (llllllllillu nnd 11111.11 ht rrc·i~n·•·•i C'l'<'f)' /ic•(' J'C'nrJ anti if""' rrc•i.trd, rirloa rrttl'l""'"''" "' M·ir/u/•••n·n. ,.,.,, (tlflllllrttiJ art' ittc·irrd t'illct't fi" te"ViJitttt ttf 1/ois Jlnntlnrd M /M nddillt11f1Ji 
.llnndardr and siJmrltl br atldrr.urtl 111 .4.\" I At llrntlquarlrrJ. Yn11r twrmrtiiiJ M'ill r«ti••t C<trt/111 cnttJIJ~alion IIIII mtl'fifll of'"' . 
rrcp1111Jib/~ lt.-lrlliral mmnrillr~. n·loidr )'Oil "'"'' nllrlltl. If J~"' /rrl 1/rnr J~"" cnmmmu lra•r 1101 r«t'lrrd t1 /ttlr Arttrl111 you riJou/J 
maAr f"'" ritwJ lttoM·tt lo rlrr AS I "At Commillt't n11 SlnndarJJ, 1916 Ract Sr .• rltiltJdtlpltia, rtt. IPIOJ. 

'"-.? 
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~~l~ Designation: E 630-61 

Standard Test Method for 

ASH IN THE ANALYSIS SAMPLE OF REFUSE-DERIVED 
FUEL' 

Thii 1tancbrtJ is inucd under the fiu:d dcsi,.n•lion E A 10; 1he numttC:t lmmedi•tclr follnwinslhc dcsi&nalion indiu1c1 the )'Cir or 
ori,inallcloplion or, In the Cl~ or I'C'Iision. lhc rear nlllll l';:;'!'ision. A numtwr '" p.ucnlhcsa indicalc.slhc )'CII or last rcapproul. 
A superscript tl"1ilon h) Indicates an cdilori.:JI ch•nJc since the last revision or rupproval. 

I. Scope 

1.1 This method covers determination or the 
a~h content in ·the analysis sample of refuse
derived fuel (RDF-3). The results obtained can 
be applied as the weight percent ash in the 
proximate analysis and in the ultimale analysis. 

1.2 Refuse-derived fuel (RDF-3) is defined 
a5 a 5hreddcd fuel derived from municipal solid 
waste (MSW) thai has been processed lo re
move metal, glass, and other inorgnnics. This 
material has a particle size such thai 9S 
weight% passes through a 2-in. square mesh 
screen. 

NoTF. 1-0ther tefuse-derived fuel may be clas
silicd as follows: 

RDI'-1-Wastes used as a fuel in as-discarded 
form. 

RDf-1-Wa~les procc~~cd to coarse parliclc size 
wilh or without ferrous metal separation. 

RDP-4-Combustible waste processed into pow
der form, 9S weisht 'K> passins 10-mesh screen
ins. 

RDf-S-Combustible waste dcnsilicd (com
pressed) into the rorm of pellets, slugs, cuben~. 
or briqucllcs. 

RDP-6-Combustible waste processed Into liquid 
fuel. 

RDf-7-Combustible waste processed into sn· 
cous fuel. 

2. Applicable Dncuments 

2.1 ASTM Standard: 
D J 17) Test Method for Moislurc in lhe Anal

ysis Sample of Coal and Coke1 

J. Summary or Method 

J.l Ash is determined by weighing the re5i· 
due remaining aflcr burning Chc RDF-1 under 
rigidly controlled condilion~ or sample weight, 
lempcralure, and rurn~ce atmosphere. 

4. Significance and Usc 

4.1 This method is available lo producers 
and users or RDfo-3 a~ a mel hod ofdelermining 
I he weight percent of ash in I he analysis sample. 

5. Apparalu~ 

.S.I Elccuic Fumacc-For dclcrminalion of 
1hc nsh content of RDF-3, the furnace shall 
have adequate air vi:nlilalion and shall be ca
pable of lcmpcraturc regulation up to al lease 
1SO ± 2S°C. An air change rate or I to 4 
furnace volumes of air per minute has been 
round adequale. 

Norr. 1-lt may be possible to reduce the rate or 
air Row below the su~:~~csted minimum without ad· 
verscly affect ins results of the ash determination. 

.S.2 Porcelain Cap.mlc.r, aboul 22 mm (% in.) 
in depth, and 44 mm (I:Y, in.) in diameter, or 
similar conlainers. 

Non. l-Wei~hing hollies of borosilicate slau 
may l>c safely used wilhout derormalion or softcnins 
allcrnpcrahucs or (,oo•c or less. 

6. l'rrc:mllon~ 

6.1 Due Co I he origins of RDfo in municipal 
wa~le, common scn~c diclalcs lhal some pre· 
cautions 5hould be observed when conducting 
lcsU on chc samples. Recommended hygienic 
pracrice5 include usc or gloves when handling 
RI>F; wearing dust masks (NIOSII-approved 
type), c~pecially while milling RDF' samples; 

1 
I his mclho..l i1 luhl~r I he jurisdicunn n( ASTM Commilltc 

E· JR "" Re<nmcc Rtcnvcry •nd is the dim:t respmsibilily ol 
Suh:nmmillrc E.IR.OI Oft fn<riJ. 

Cuntftl rdilinft opprovcd AU&USI Jl, 1911. ruhlilh<d Octn
h:r I'll. 

r .f11111t1rl n •• rA .. (.HTM St,.•lnrJr, Vol OS.OS. 
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conducting tests under a negative pressure hood . 
when possible; and .washing hands before cal· 
lng or smoking. · 

7. Sampling 

7.1 The laboratory sample shall be obtained 
in accordance wilh sampling melbods devel
oped for malerials or similar physical rorrn. 

7.2 The laboratory sample shall be prepared 
in accordance with sampling methods devcl· 
oped for materials or similar physical rorrns. 

1. Procedure 
8.1 Aner lhoroughly mixing lhe RDF-l 

analysis sample lo provide the best possible 
mix of heavy lines wilh I he milled nurr, transfer 
approllimalcly I g or lhe sample co a cared, 
previously fired container (weighed to the near
est 0.1 mg) with 1 scoop or specula. Quickly 
weigh sample and container to lhc nearest 0.1 
mg. As an alternate method usc lhc dried RDF· 
J from the residual moisture determinacion. Sec 
Test Method D 3173. 

8.2 Place lhc uncovered container contain· 
lng the sample in the furnace at low tempera· 
lure and gradually heal lo ignition it such a 
ralc as Co avoid mechanical loss from loo rapid 
expulsion of volatile mallcr. 

8.3 Finish chc ignition lo conslanl weight 
(±0.001 g/h) ac 575 ± l5°C. It may be deter· 
mined lhal a conslanl weight can be routinely 
established by allowing a sample Co ash within 
Chc prescribed Cemperalure raoge for I SCI pc· 
riod or lime. . 

Non 4-E• pericnce has shown that parlicles or 
alass and sand lend to sinter to each other and also 
co porcelain crucibles at temperatures c:lose to 6l5•c. 
lr laboratory conditions necessitate maintaining con· 
sistency in the maximum rurnacc temperature used 
for ash tests of other fuels, the lsnuion may be 
finished 10 constant weisht (±0.001 &Jh) at a lem
pcraiUrc of 715 :t 1s•c. 1r this option is invohd. il 
&hould be also noted that prolon'Cd exposure to hith 
Ccmpcratures may actually result In chanscs in weigbt 
due to possible chemical reactions. 
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8.4 Cool in a desiccator over desiccant and 
weigh as soon as possible aner lhe container 
and ash reach the temperalure or the area in 
which weighing is performed. 

9. Calculallon~ 

9.1 Calculate the ash percent in the analy~i~ 
~ample as follows: 

Ash as-dotormincd, 'lr- J(A - 8)/q x lllfl 

where: 
.A - weigh! or container and uh residue. g. 
B - weight or em pry container, g. and 
C - weight or •~h analysi~ sample, g (include• 

re~idual moisture). 
9.2 Use the numeri:ol moi~turc "aluc c~tah 

lished by Method D ll73 for converling a•l· 
dala on the as-delerm~ncd basis to the dry ba~is 

10. Rcporl 

10.1 Difficulty may be experienced in ~c:cur· 
lng sali5faclory check dccerminnlion5 or :i~h in 
chc same or differenl laboratories for Rill'-~ 

rich in heavy lines. This is caused by ~ilitel111' 
maner such as glass and sand as well as a wide 
variety of other particles of different dc:Milic~ 
entrained in the milled RDfo-l in nonuniforn 
slrata. When such a condition i~ anticipated oo 
encountered, a paired set of determin:llic•n 
should be made, and the resuh~ rcporlcd u :1r 

average. If one determinalion or ft paired ~ct i• 
accidentally ruined, anorhcr pair rnusl he run 
An orr or unusual value docs nol con~lihllc ~ 
ruined delcrmination. In such casu, an addi· 
lional sci or duplicate delerminations ~honk 
be run and all values reported u an average ol 
lhe Cwo sels. 

II. Precision and Accuracy 

11.1 A rcpcalabilicy and rcproducihility set: 
lion will be drafted by Snbcommillce ElR.II 
a ncr the conclusion or round-rohin Jesting. 

JAr ...tmrriran Soc·trt_r ftrt Tf'Jtinf and Jl41trUII1 ft~lrs ,, p•tiliiM '"l'f'ditt( rltr rt~lidil'' ,P( ""·'' rntr'rlt richu a••utr'll '" ••'"''~"~ ,,., 
•itlr errr itrm mrmi""nl IN tAIJ Jlllntl~~trL VMFJ <ftiiiJ J1•11tillrJ 11rr r.•,.,rulr lltl•·llnlrhllt Jnrrnn1111rio"' II/ rlrr· 1'0/rd•ra· ·~nor ""I 
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APPENDIX D 

CALIBRATION AND QUALITY ASSURANCE DATA 

• Quality Assurance Procedures 
• Calibration Data 
• Meter Box Audit 
• Triangle Laboratories Continuing Calibration Data 
• Reagent Box Custody Sheets 
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QUALITY ASSURANCE PROCEDURES 

General. Each item of field test equipment purchased or constructed by 

Entropy is assigned a unique, permanent identification number. New items for 

which calibration is required are calibrated before initial field use. 

Equipment whose calibration status may change with use or with time is 

inspected in the field before testing begins, and again upon return from each 

field use. When an item of equipment is found to be out of calibration, it 

is adjusted and recalibrated or retired from service. All equipment is 

periodically recalibrated in full, regardless of the outcome of these regular 

inspections. 

Calibrations are conducted in a manner and at a frequency which meet or 

exceed U. S. EPA specifications. Entropy follows the calibration procedures 

outlined the EPA Reference Methods, and those recommended within the Quality 

Assurance Handbook for Air Pollution Measurement Systems: Volume III 

(EPA-600/4-77-027b, August, 1977). When the Reference Methods are 

inapplicable, Entropy uses methods such as those prescribed by the American 

Society for Testing and Materials (ASTM). 

Data obtained during calibrations are recorded on standardized forms, 

which are checked for completeness and accuracy by the Quality Assurance 

Manager or the Quality Assurance Director. Data reduction and subsequent 

calculations are performed using Entropy's in-house computer facilities. 

Calculations are generally performed at least twice as a check for accuracy. 

Copies of calibration data are included in the test or project reports. 

Inspection and Maintenance. An effective preventive maintenance program 

is necessary to ensure data quality. Each item of equipment returning from 

the field is inspected before it is returned to storage. During the course 

of these inspections, items are cleaned, repaired, reconditioned, and 

recalibrated where necessary. 

Each item of equipment transported to the field for this test program 

was inspected again before being packed. Entropy performs these quality 

assurance activities prior to departure for the job site to detect equipment 

problems which may originate during periods of storage. This minimizes lost 

time on site due to equipment failure. 
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Occasional equipment failure in the field is unavoidable despite the 

most rigorous inspection and maintenance procedures. For this reason, 

Entropy routinely transports sufficient backup equipment to the job site to 

have complete redundancy of all critical sampling train components. 

Calibration. Emissions sampling equipment that requires calibration 

includes the nozzle, pitot tube, pressure gauges, thermometers, flow meters, 

dry gas meters, and barometers. The following sections elaborate on the 

calibration procedures followed by Entropy for these items of equipment. 

Calibration data for the specific items of equipment used for this test 

program follow the text. 

Nozzles. Each probe nozzle is uniquely and permanently identified at 

the time of purchase, and calibrated before initial field use. The inside 

diameter of the nozzle is measured to the nearest 0.001 in. using a 

micrometer. Five measurements are made using different diameters each time. 

If the difference between the high and the low numbers does not exceed 0.004 

inch, the average of the five measurements is used. If the difference 

exceeds this amount, or when the nozzle becomes nicked, dented, or corroded, 

the nozzle is reshaped, sharpened, and recalibrated. 

Pitot Tubes. All Type S pitot tubes used by Entropy, whether separate 

or attached to a sampling probe, are constructed in-house or by Nutech 

Corporation. Each pitot is calibrated when new in accordance with the 

geometry standards contained in EPA Reference Method 2. A Type S pitot tube, 

constructed and positioned according to these standards, will have a 

coefficient of 0.84 + 0.02. This coefficient should not change as long as 

the pitot tube is not damaged. 

Each pitot tube is inspected visually before it is transported to the 

field. If this inspection indicates damage or raises doubt that the pitot 

remains in accordance with the EPA geometry standards, the pitot tube is not 

used until it has been refurbished and recalibrated. 

Differential Pressure Gauges. Some meter consoles used by Entropy are 

equipped with 10 in. W.C. inclined-vertical manometers. Fluid manometers do 

not require calibration other than leak checks. Manometers are leak-checked 

in the field prior to each test series, and again upon return from the field. 
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Most of Entropy's meter consoles are equipped with Magnehelic 

differential pressure gauges. Each set of gauges is calibrated initially 

over its full range, 0-10 inches W.C. After each field use, the calibration 

of the gauge set is checked against an inclined manometer at the average 

delta p encountered during the test. If the agreement is within + 5 percent, 

the calibration is acceptable. 

Thermometers. 

Impinger Thermometer. On site, prior to the start of testing, the 

thermometer used to monitor the temperature of the gas leaving the last 

impinger is compared with a mercury-in-glass thermometer which meets ASTM E-1 

specifications. The impinger thermometer is adjusted if necessary until it 

agrees within 2°F of the reference thermometer. (If the thermometer is not 

adjustable, it is labeled with a correction factor). 

Dry Gas Meter Thermometer. The thermometer used to measure the 

temperature of the metered gas sample is checked prior to each field trip 

against an ASTM mercury-in-glass thermometer. The dry gas meter thermometer 

is acceptable if the values agree with 5.4°F. Thermometers not meeting this 

requirement are adjusted or labeled with a correction factor. 

Stack Temperature Sensor. All thermocouples employed by Entropy for the 

measurement of flue gas temperatures are calibrated upon receipt. Initial 

calibrations are performed at three points (ice bath, boiling water, and hot 

oil). An ASTM mercury-in-glass thermometer is used as a reference. The 

thermocouple is acceptable if the agreement is within 1.5 percent (absolute) 

at each of the three calibration points. 

On site, prior to the start of testing, the reading from the stack gas 

thermocouple-potentiometer combination is compared with a mercury-in-glass 

reference thermometer. If the two agree within 1.5 percent (absolute), the 

thermocouple and potentiometer are considered to be in proper working order 

for the test series. 

After each field use, the thermocouple-potentiometer system is compared 

with an ASTM mercury-in-glass reference thermometer at a temperature within 

10 percent of the average absolute stack gas temperature. If the absolute 
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temperatures agree within 1.5 percent, the temperature data are considered 

valid. 

Dry Gas Meter and Orifice Meter. The dry gas meter and orifice meter 

are calibrated simultaneously. There are two calibration procedures. The 

full calibration is a complete laboratory procedure used to obtain the 

calibration factor of the dry gas meter before its first use and periodically 

thereafter. Full calibrations are performed at three different orifice meter 

settings (flow rates). A simpler procedure, the post-test calibration, is 

designed to check whether the calibration factor has changed. Post-test 

calibrations are performed after each field test series at an intermediate 

orifice meter setting (based on the test data) and at the maximum vacuum 

reached during the test. 

Entropy uses as a transfer standard a dry gas meter that is calibrated 

annually against a spirometer. During the annual calibration, triplicate 

calibration runs are performed at seven flow rates ranging from 0.25 to 

1.40 cfm. 

Dry Gas Meter. Each metering system receives a full calibration at the 

time of purchase, and a posttest calibration after each field use. If the 

calibration factor, Y, deviates by less than five percent from the initial 

value, the test data are acceptable. If Y deviates by more than five 

percent, the meter is recalibrated and the meter coefficient (initial or 

recalibrated) that yields the lowest sample volume for the test runs is used. 

EPA Reference Method 5 calls for another full calibration anytime the 

posttest calibration check indicates that Y has changed by more than five 

percent. Standard practice at Entropy is to recalibrate the dry gas meter 

anytime Y is found to be outside the range 0.98 < Y < 1.02. 

Orifice Meter. An orifice meter calibration factor is calculated for 

each flow setting during a full calibration. If the range of values does not 

vary by more than 0.15 in. H20 over the range of 0.4 to 4.0 in. H20, the 

arithmetic average of the values obtained during the calibration is used. 
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Barometer. Each field barometer is adjusted before each test series to 

agree within + 0.1 inches of a reference aneroid barometer. The reference 

barometer is checked weekly against the station pressure value (corrected for 

elevation difference) reported by the National Weather Service station at the 

Raleigh-Durham airport, approximately 2.5 miles from Entropy's location. 
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NOZZLE NUMBER: 

Date Initials Dia. 1 Dia. 2 Dia. 3 

2/,~tt-:r I 1~ I ,·In,..- I 1'7l1 I . I <r'Z. 

I I I 
I I I I 
I I 
I I 

I I 
I 
I I 

I I 
I I I I 
I I ~ 

I I 
I 
I I 

I 
l l 
I . I 

I 
I I I I 

I I I 
I ·I 
I I I 

I 

I I -
I I 

I I 
I I I I 
I I I I 
I I 
I I I I 
I I I I 

NOTE: All diameters measured in inches. 
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I I 
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Meter Box Number:~&-l~w~--- Calib::-ation by: (.IV\~ ,fl 

Standard Meter Number: 16/'j=o::.· r Standard Meter Gamma: 1-oo.Lo 

Date: ~~ -.l,.s-s:z. Barometric Pressure ( Pb): ,;,1..5 ._..-, in. Hg 

*Date: *Barometric Pressure (Pb): ----------- in. Hg 

F-1037 
8/86 

METERBOX CALIBRATION 

Standard Meter Meter Box Metering System 
Gas Or.if.ice Gas 

Volume Temp. Time Setting Volume Temp. 
(V ds) (tds) (e) (AH) (Vd) (td) Coe££. ~H@ 
ft 3. OF min. in. H

2
o ft3 OF (Yd) in. H

2
o 

1·ql,(~ I sx /~ •oc c:J· )-0 Ll-·101 I ~ <? I· I.Joo I I· '7/ 
,3 · ~s~ I "') K I /_Cl_:o.;:) o-~o L4 ·Ill ';2_ 0· 9!i!l4 I l·t-j_ 
f. .tl'lo )-g 

1'0 !OC) <:J.to •·..2 tOol- X"~ /.t:Jo4f.:f 1·1) 

~-on~ ~-q 'O:oc::> .J..-10 g.~ f-1 &':L J. ()C) ':f ~ /. )¢ 

II· tfq. Y" ~0 /O'Q~ 4·Ro !J~· 1'1'=1 ~~ IJ. o 1/.J' I· +9 
II· if/ fol 10:<_\d '1-·C-o J:J./ll &--3 l·oo' Cf 11-Y:J-. 

Average J. OtA-t, ). '1 <,-

Yds * vds * (td + 460) * Pb 
yd = ---------------------------------

vd * (tds + 460) * (Pb + H/13.6) 

2 

* 
( tds + 460) * e 

ENTROPY 
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Meter Box Number: fJ f ~ Calibration by: 

Meter Box Vacuum: in. Hg 

Standard Meter Number: I o I I 0 ) 7 Standard Meter Gamma: I. o 0 1... 

Date: z ·t1-W Barometric Pressure ( Pb): ~- S"'- in. Hg 

POST TEST CALIBRATION 

Standard Meter Meter Box Metering System 

Gas Orifice Gas 
Volume Temp. Time Setting Volume Temp. 
(V ds) ( tds) (g) (6H) (Vd) (td) Coeff. ~H@ 

ft3 OF min. in. H2o ft3 OF (Yd) in. H20 

). 0 S"c; (. f (o o.3o 3.1?.-f 7~ ().9'JJ I. 17 

].off <..r jo o.1o 3. If'{ 11 o,Cftf /. 7) 

J.oiO C( (0 D. 3 o J. o?'L- ~t) I. vo 3 /. 8 I 

Average o.'tCf'{ /. 77 

V d * ( tds + 460) * ( Pb + 6H/13. 6) 

0. 0317 * 6.H 

* 
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Date ,;;_ -']- y k'. 

Time Q 1 4: .J_. 

AuditorQ 

Dry Gas Mecer 

Readings, 
~ .. 3 
~ ... 

Initial ¥-31- "£.{3. {2 

Final f~s-; I~:L 

1 Dry Gas Volume 

Metered, 

f-:3 

10 
y = • c Vm 

10 
y = ------ + 

c 7. (,(,;_ 

I 

ON-S:TE DRY GAS HETER AUDIT 

Meter Box Identification Number AI/ h 

Pretest Gamma (Y) (o oo s:b L:l.Ha J. l C 

Barometric Pressure (P0ar) ~9-~- in.Hg 

.• 

!-lecer 

Temperatures, 

oF 

!nit:ial ~ t-r. 
Final 7~-

Average .t-le'ter 

Temperature, 

Tm = 7q 

Lipper anci Lower 

I 0.97 • 

I 1.03 + 

Run 

T.ime, 

rir... 

1 10 

Limics for 

Audit Gamma 

y = 
y = 

Q· ~ t-s-(j_ 

1-Q~_s-y 

Calcula:teci 

Audit Gamma 

0.0319 ('I'm + 460) 
-----------------

p 
bar 

0.0319 (...1JJ._ + 460) 
------------------- = ()·tf[fLi 

..2 ?. ~-

Audit Gamma Within Acceptable Limits? Yes ~No 

F-1040 
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Date 2...-7'- S-~ 

Audi tee ~ ~·])bw ....,i 
Location /Aruf- -;..-Tnk-+ 

Pbar "2 9 -+--
&1@ l. 1--S""" 
Audit Device No. 31o 

Orifice Dry gas 
gauge meter 

reading reading 
l!.H Vi/Vf 

in. ft2o ft3 

o.t.Jc; a,¥c,.r,~ 

~ Jo- r tt-

Dry Gas Meter 
meter temperature 

volume average 
vm' ft3 ' tm' ft3 

4.ooz ~2-

a) 

Section No.: 9.0 
Revision No. : 0 
Date: 1/4/·~eapor--
Page: 11 of 12 

Time Stack Therm. °F ------
Auditor T. IV\ 9o ..v "1" fc/ % Error --------
Meter Box No. N- ( \.e Minlet Therm. °F 
Pretest Y Lao~ % Error --------
K' ,2..571 XID-4-(!370) Moutlet Therm. °F 
ASTM Therm. °F % Error °F --------
Filter Therm. °F Condenser Therm. OF --- ----
% Error % Error ------ --------

Meter Duration 
temperatures of 

run 
Ti/Tf e 

min. 
~ ettt::±e:t> 

~.;L 10 

¥'::L--

v I Vmstd b m Percent Acceptability std a 
dry gas orifice 

3 
difference, % 

meter, ft3 meter, ft 

3. 695' 3.6&0 -o.Cft / 

Calculate V from dry gas meter {English): 
mstd 

b) 
Calculate V from critical orifice {metric): 

mstd 

K'P e = ---c-vr: 
-+ 

(2.5/l.xto) {75'4.3B) { 10 ) 

..J 300.778 

Figure 9.4. Dry gas meter and temperature sensor audit data. 
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TRIANGLE LABORATORIES, INC. 
TCDD/TCDF COKTINUING CALIBRATION* 

ANALYST AR FILE NAME S880,29 ICAL DATE:3-~AR-88 

. ' ~=~~-----------~=~~=~~--~~=~~=~~---------:~ __________________ jJ__tt.,._j'~_2( --8 E' ----------------------------------------------------------------------

') .... -
"- ,') I 

r; ') I £,.,.•; 

i:i-H:UF c 
8-Ti.DlJ [) 

DAJLY 
Rf 

tL(I 

~~H 

CODE f~ATIO 

~) - " .-, 
~cl I -· ,_) 

u I H -l ~L 

DELT.-\. 
RT Rf 

5/ -u 1 - 'J 

' '-

20 -0 n •.: 'I 
\.}.:....., 

%CELTA 
t~F 

1 - , 
- I ' >~% 

- •-' C9% 

====================================================================== 
:<.l.'iE 

D-\I i .Y 
Ri' 

') " - "':' .. , 
.;.. 

DEi T .. '. 
RT J~l F 

--------------------------------------------------------------------------------------------------------------------------------------------
DAILY 

RF 

"2378-13Cl2-TCDD 1.34~ 
13C12-TCDF 2.078 

CODE 

'") 
J 

2 

R.~.TIO 

0.791 
0.737 

DELTA 
RT RF 

22.19 
24.56 

0.035 
-0.111 

%DELTA 
F..F 

2.67% 
-5.06% 

*Supporting calibration data on file at Entropy Environmentalists, Inc. 

D-15 . 
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TRIA~GLE LABORATORIES, INC. 
TCDD/TCDF CONTINCING CALIBRATION 

ANALYST MDC FILE NAME S8809~1 ICAL DATE:3-MAR-88 

~~~~===== = === ==:=~~=~~ = = :~~~~~~~ ===== = === ~~ = == == === == == = = = === = = Jt=~==S- Zl-- 8 ~·. 
l'~AME 

:::378-TCDF 
2378-TCDD 

DAILY 
RF 

G. ~·l 4 6 
].()~)() 

CODE 

1 
1 

1 

st-RROGATE RESl'O\SE F.-\\TOH Sl.':-E'L\h'Y 

K.:\TIO RT 

L.775 
r'\ ,... ...... n 
u • f ~~ 0 22.20 

DELTA 
RF 

-U.U:J(j 
() . 0 i) 0 

%DELTA 
HF 

- ...... ') c· 
:; • b._; 7c 

====================================================================== 

:'./Cl-TCDU 

fl.0..l LY 
E~ COUE R."' TJ 0 

DELT~. %DEL T.0.. 
RF RF 

0. 1 ~ ;-; 

-------------------·-------------------------------------------------------------------------------------------------------------------------
NAME 

DAILY 
RF 

2378-13C12-TCDD 1.316 
13C12-TCDF 2.391 

CODE 

3 
2 

RATIO 

0.811 
0.757 

D-16 

DELTA 
RT RF 

22.19 
24.55 

O.OO'i 
0.~03 

%DELTA 
RF 

0.50% 
9.28% 

I 



TRIANGLE LABORATORIES, INC. 
TCDD/TCDF CONTINUING CALIBRATION 

~~~~ :::--------~~~: ~~ ~-- ~~~~~~~~:-: ~~:~ ~ :~ ~------- :~~~-:~::~:~:~it~-?- 21 - gg 
- ----------------------------------------------------------------------

NAME 
DAILY 

RF CODE RATIO RT 
DELTA 

RF 
%DELTA 

RF 

_j----------------------------------------------------------------------
2378-TCDF 

",2378-TCDD 
0.978 
1. 077 

1 
1 

SURROGATE RESPONSE FACTOR SUMMARY 

0.767 
0.813 

24.54 
22.18 

-0.024 -2.39% 
0.047 4.58% 

--------------------------------------------------------------------------------------------------------------------------------------------
NAME 

37Cl-TCDD 

DAILY 
RF 

2.207 

CODE RATIO 

2 

INTERNAL STANDARDS RESPONSE FACTOR SUMMARY 

RT 

22.18 

DELTA 
RF 

0.121 

%DELTA 
RF 

5.79% 

-~====================================================================== 

NAME 
DAILY 

RF 

2378-13C12-TCDD 1.187 
-·13Cl2-TCDF 2.288 

CODE 

3 
2 

RATIO 

0.824 
0.768 

D-1. 7 

DELTA 
RT RF 

22.17 
24.53 

-0.123 
0.100 

%DELTA 
RF 

-9.38% 
4.55% 



CUSTODY SHE:::: !="OR i1M5 COOI.G I l)f= J L 0 -·v·.-__..._.. __ _ 
Date of Makeup ___ ~~/~5~----- In i t i a.l s 71ruJ ------ Sialed? __ ~-----------

Individual Tare of Reagent: 'Zoo mla. of!"' _"J)~J-'"'_\t.""'D ________ _ 

Individual Silica Gel Tare Weight~-~-·----~~·· 
Filter used? ~ Knockou~ Impinger ( .; or X ) 

XA.D Trap? __ v_ 

Run I .D·.: Date :Initials: Sealeif?: Date !% SilGel: Initials: Sealed? 
: Used : c V ;clean~ Spe~; ~ ; {,// : ·--'-.:2 

ttMr-rN-1 : z/r-tet: -;;c/ ---~ 2zlt'~a2._: 2-~ I ~z :----~ 
I ' I I : , -rt. 

~~t?f!\;!;;SI~ ~>~ ----~~ 1:...-1 -------.;____=---I---- ---- ------: ' 
If~~ ;;;;J;~ttzc3:-~/~-...o;=-~~/ ____,_; __ ----

~"IYI'S-1"1'-~#/ft ~ _£:_~ I ; Z/t)s>;W; 2~6 ;~:z 
I I I I I 

Received ln Lab 
Date 

2./t'Z-
Initials 

SA-w 
Seal~d? 
~ 

Sampling Method __________________________________________ ___ 

Remarks: 

D-18_ 

: - I • z---
------~ 



CUSTODY SHEET FOR MM5 COOLER # _ __l?F 106 -----

Date of Makeup~_L~~---- Initials_~7~r-~_l ____ _ Sealed? 

Individual Tare of Reagent: 'Zoo mls. of ~7~1~H~c~o ___________ __ 

Individual Silica Gel Tare Weight ~~gms. 
Filter used?~ _ Knockout Impinger Catch? ~ ( v or X ) 

'VJ-3 wq3 1 'Pf. ~ 
XAD Trap'?L_ Trap# and Tare wt.,gms.~fut5[ /($~ff.J-,.------

Rinse reagent identification_~)(.. J!t~Cf2. 
1 

~)(a.l2M--<.-
~:f:FI5 '?9-~ &'33 302-3 K8 w- "S:rc/B''f-0 

PLAN~\ NAM"f: '""®W-~-~~~~-#~ZLM~:::::__.,__+ 
SAMPLING LOCATION __ ~~~a6~-------~~~~~~~----------------------

Run l.D.: Date :Initials: Sealed?: Date :% SilGel:Initials: Sealed? 
Used :Cleaned : Spent 

Received in Lab 

Sampling Method 

Remarks: 

Date 
'2 /t r; 

Initials 
~ 

D-19 

Sealed? 
._./ 



CUSTODY SHEET .!="OR t'!MS COOL~-=t # Dr- 1,17 ::=;-

Date of Makeup Z ~ 4 -'2<t Initials c_u._,.._ ,__--Sealed? _______________ _ 

Inci.iviC.ual Tare of Reagen-:: 7 {_)c) :nls, o: ::;,?.! J-/2,_. 6 

Inci.ivici.ual(silica Gel Tare \Ieight @·· "2- 0 '\n.s. / 

Filter used? Y Knockou't Im"Pinaer Catch? ( ~ or X ) 
7 . - -:pi) -11 w'$6 ib (,, :; k 

XAD Trap? Trap # and Tare wt., gms. ~~ ~ b/STI !/:$ • Rjt 

Rinse reagent identification 3¥ Jcem•u-< ) 3X ft..Lr2 J e~~~ 
hif .:J±. ~TO ~~3 '"2~ IQuJ <ffO~'!!'tO 

.•. . 
~· . ..., 

---~--~~~ .. ----~~~--_.~~------~~----------~--~··-· "~- ._,_ ... .........'"'"' . _______ .. _ ... _--.......,_..~_ ··ftiq_., ... ,II z go c _ 

Run I . D . : Date 
Used 

Receiveci ~n Lah 

:Initials: Sealed?: Date 

Date 
7..-/ ''2 

:' :Cleaned 

I. 

I ·~ v 

Initials 
'JA'V"' 

:% SilGel:Initials: Sealed? 
Spent 

Sealed? 
,/ 

I 

----~/1 
v·~: 

Sampling Method -------------------------------------------------
Remarks: 

D-20 

- 1 

.... -



CUSTODY SHEET FOR MMS COOLER # 

Date of Makeup ___ z_~~~~~-- Initials Sealed? ,_. ____ _ 
Individual Tare of Reagent: _______ _20 u_ mls. of "' . , . r-1 ? ;_. 

Individual Silirel Tare Weight -- z 0 dgms. // 

Filter used? Knockout Impinger Catch? ____ _ ( o/ or X ) 

XAD Trap'? __ilLQ_ Trap# and Tare wt. ,gms. ______ _ 

Rinse reagent identification~-~~~~7~~>~~ ~ 
4ir ]?0~5 3 ~ UJZ"j K8W 1-trrS7tJ $~0 

PLANT NAME 1/f til/~~---+-~~£~-~~<·__.'?"----
SAMPLING LOCATION -~ / -/?rzzP-~-s 

'0 .. - T ~ I .... w... ..._ • .l..t1 • I Date :Initials: 
' Used : 

1111Ft-P6'' ; .:2..117:f~'S': 
I 

' ' 
11 1'15"-t. PB -2- ; ~/p t;l15&/: 

0 I 

' ' 

Received in Lab 
Date 
z.ltc 

S.::aleci.?: Date !% SilGel: Initials! 
. / :Cleaned : Spent :: ~~//. v : .2-!1)--:W : tJ ~?? 

-.~/-~ r~. , 
(/-~~b~; 0 ;~? 

Initials 
'jt1W 

Se~d? 

Sampling Method ______ lh~·lh~-~~---------------------
Remarks: 

D-21 

Sealed? : 
/ :.#z; 

/ . : /A_/ _:....,__;_____ 

v :# /::; 
----- ' CJ't,cl-. I 

' 



CUSTODY SHEET FOR MM5 COOLER # _____ __l-'; ~~~ / U 1 

Date of Makeup_~-5-~~k Initials Sealed? _ _f_L.. 

Individual Tare of Reagent: 7 0 U mls. of "" I. f-./ 2- c.) 
:;.....;;:~----

Individual Silica G€1 

Filter used? ___ ~---
Tare Weight -- "2-.-0 () gms . / 

Knockout Impinger Catch? ____ __ ( o/ or X ) 

XAD Trap? ___ _ Trap# and Tare wt. ,gms. __________ _ 

Rinse reagent identification 3 X- ~ ~)( ~""':::.L.-,_,:..:·--3..c...J.>:;;.(_~~~t::""'-'1:;..-nc?-.:~ 

PLANT NAME 

Run I .D.: Date : I·nitials: Sealed?: Date :% SilGel:Initials: 
Used : / 

'2./o 1-/!lli: 'L C5 
:Cleaned Spent 
: 2 trrzigc; : AlA-

-------- I --~~---

___ ; 2/ot-!cq~ 7fd~- ,-..__-_ -.-. : 2/~r{r::f~ .. #A-

Received in Lab 
Date 
1)t~ 

, . ' 

.. , 
' 

'·:. ";'·: 
. ' ........ ,, ____ _ 

-r.--..·.: .. : 

Initials 
'7-frv.J 

·.·I 

• Sealed? 
v· -----

Sampling Method ______ ~At~-~tf~~~,~~---------------------------------------
Remarks: 

D-22 

/ 

Seale~.A; / 
//: 
7: 



.. '"IJt2. I 3F) CUSTODY SHEET FOR f1M5 COOLER +<- _.Jd _____ J _____ _ 

Date of Makeup __ ~~~----- Initials SAi0 Sealed? 

Individual Tare of Reagent: 2oo mls. of J?.I t/,_:0 

Individual Silica Gel 

Fi 1 t er used? __ / ___ _ 

Tare Weight gms. 

Knockout Impinger Catch? __ / __ ( ..; or X ) 

XAD Trap'?_:-__ Trap# and Tare wt. ,grns. _____ _ 

Rinse reagent identification 3X~~-C.../..::;.,;;.... _ _.3"-X- To!~ 

A~ '-' 'f :r:r 

fo/.e.-C/-z (o-f' w--
10~tct#' 

PLANT NAME 

<i'rOS€"3 

<"69-Lfr2; 

'6 t-o '-( <0 V 

SAMPLING LOCATION £o.-~ -f'"i;/3~~ '2 3 
~fJ/~ 5 

Run j' T'\ I 
... • ..... I I Date 

Used 
:Initials: Sealed?: Date 

:Cleaned 
:% SilGel:Initials: Sealed? 

~ ---- I I I I 

JI1111>~·LPt3-l); 2-/~/tz<t< ~ 
7 

f/1'!,-- R 8 */'a{ef' ~c 5' 

L/ I 

1./o~/coct; I 
I 

' I 

[/ I 

:~ 

Date Initials 
Receiveci in Lab 2/lt;; ~ 

Sampling Method k-0~d- Pmoi B!%k"' 
Remarks: 

D-23 

Spent 

2/ 2C5 /.:::./ 

4"c5 v 

S~ed? 

..z.; 





APPENDIX E 

PROCESS DATA 

• Complete Operating Data Listing 
• Trend Plots 

(supplied by Radian Corporation) 

E-1 



E-2 



RADIAN CORPORATION 

TEST 1C 
TEST DATE: 02/08/88 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 14 

DATE TIME 5TH 

08FEBBB 08:51 
08FEB88 09:01 
08FEB88 09: 11 
08FEB88 09:21 
08FEB88 09:31 
08FEB88 09:41 
08FEB88 09:51 
08FEB88 10:01 
08FEB88 10 : 11 
08FEB88 10:21 
08FEB88 10:31 

FLOW 
KLB/HR 
FI2034 

08FEB88 10:41 190.0 
08FEB88 10:51 187.8 
08FEB88 11:01 190.1 
08FEB88 11:11 193.6 
08FEB88 11:21 190.6 
OBFEB88 11:31 186.4 
08FEB88 11:41 193.7 
08FEB88 11:51 188.2 
08FEB88 12:01 187.2 
08FEB88 12:11 192.3 
08FEB88 12:21 188.0 
08FEB88 12:31 184.3 
08FEB88 12:41 186.4 
08FEB88 12:51 189.6 
08FEB88 13:01 184.4 
08FEB88 13:11 
08FEB88 13:21 
OBFEB88 13:31 
08FEB88 13:41 
08FEB88 13:51 
08FEB8B 14:01 
08FEB88 14:11 
08FEB88 14:21 
08FEB88 14:31 
08FEB88 14:41 
08FEBBB 14:51 
08FEB88 15:01 
08FEB88 1:,: 11 
08FEB88 15:21 
08FEB88 15:31 
08FEB88 1 ~,: 41 

188.1 
184.7 
190.8 
186.7 
187.8 
186.9 
185.9 

189.5 
181.5 
193.9 
188.0 
191.9 
184.9 
184.4 

a 
SHTR STH EV6 STM 

TEMP PRESS 
DES F PSIS 

TI4062 PIC0106B 
826 857 
826 858 
825 857 
821 856 
825 857 
827 860 
822 857 
826 858 
824 856 
824 857 
823 856 
825 875 
828 859 
833 864 
827 858 
825 857 
828 857 
827 858 
821 857 
819 856 
827 858 
823 857 
820 856 
821 857 
826 859 
826 857 
822 
825 
823 
832 
829 
823 
820 
824 

824 
821 
327 
822 
825 
824 
825 

857 
857 
857 
859 
857 
857 
857 
856 

857 
856 
860 
857 
857 
857 
857 

a a a 
BL MST 
OUTPUT 

k 

6RT MST NAT GAS TOTAL 
OUTPUT FLOW AIR FLOW 

l KSCFH KACFM 
FIC2034 HIC2034C 

33 45 
31 43 
36 48 
40 50 
37 49 
31 42 
32 43 
31 42 
45 
37 
40 
39 
37 
35 
33 
33 
39 
29 
34 
34 
25 
30 
37 
33 
31 
37 
34 
34 
38 
31 
35 
35 
38 
40 

42 
53 
38 
43 
37 
46 
C'> 
Ji.. 

56 
48 
52 
50 
48 
46 
43 
44 
51 
41 
45 
45 
37 
41 
48 
45 
42 
47 
46 
45 
49 
42 
46 
47 
49 
51 

54 
64 
48 
54 
48 
57 
63 

E-3 

FI2153 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

84.00 
83.88 
88.00 
88.50 
84.00 
83.63 
82.25 
81.75 

0.0 89.63 
o.o 84.63 
0.0 88.00 
0.0 87.96 
0.0 89.13 
0.0 86.50 
0.0 94.38 
0.0 82.75 
0.0 86.75 
0.0 85.25 
0.0 84.00 
0.0 83.63 
o.o 81.00 
0.0 81.38 
0.0 84.13 
0.0 82.00 
o.o 83.63 
0.0 84.13 
o.o 84.50 
0.0 86.50 
0.0 85.00 
o.o 83.13 
0.0 84.50 
0.0 86.13 
0.0 89.38 
0.0 86.88 
0.0 88.13 
0.0 97.38 
o.o 95.00 
o.o 92.00 
0.0 89.75 
0.0 90.75 
0.0 91.75 
0.0 99.63 

a 
UNDER6RATE 

AIR 
TEMP 

DES F 
TI2024 

148 
149 
148 
147 
148 
149 
150 
151 
150 
149 
148 
148 
149 
150 
147 
150 
149 
149 
151 
151 
152 
152 
151 
152 
151 
153 

PRII AIR 
PRESS 

IN H20 
PIC2028 

11.44 
12.56 
12.66 
12.25 
13.03 
11.63 
11.66 
12.25 
12.22 
11.75 
11.91 
12.10 
12.03 
13.03 
11.72 
11.56 
12.78 
12.31 
11.25 
11.91 
11.63 
10.91 
11.94 
11.25 
14.00 
12.38 

SEC AIR OXYGEN 
PRESS 

IN H20 ! 
PIC2026 AIC2064 

21:.13 10.66 
25.75 10.09 
25.56 10.78 
26.44 10.84 
26.31 10.81 
25.88 10.88 
25.69 10.72 
26.13 10.88 
25.44 12.25 
25.94 11.91 
26.13 11.84 
25.87 11.19 
26.19 11.34 
25.63 10.63 
25.63 12.25 
26.19 11.69 
26.25 11.75 
26.13 10.84 
26.44 11.75 
25.63 11.69 
2:,, 94 11.56 
25.63 11.88 
26.19 12.97 
26.06 12.47 
25.13 12.06 
26.13 12.94 

151 10.91 25.50 12.63 
151 12.00 25.94 13.03 
152 12.06 25.94 12.78 
151 11.94 25.94 12.06 
152 11.97 21:.00 12.91 
151 11.69 25.94 12.44 
150 11.50 26.0(! 13.53 
151 11.63 26.00 12.41 

11.84 26.00 12.78 
145 12.13 24.44 13.16 
146 12.16 25.94 13.78 
144 11.97 25.63 11.72 
147 11.50 25.94 12.66 
147 11.81 25.69 11.69 
147 12.25 25.75 12.56 
143 12.28 25.69 13.38 

10· 



RADIAN CORPORATION 

TEST 1C 
TEST DATE: 02/08/88 

PROCESS DATA SU~~ARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOS 14 

DATE 

08FEB88 

a 

TII'IE 

15:51 

AVERAGE 

STI'I 
FLOW 

KLB/HR 
186.0 

188.1 

a 
SHTR STI'I 

TEI'IP 
DES F 

823 

825 

a a 
EV6 STI'I BL I'IST 

PRESS OUTPUT 
PSIS % 

856 50 

858 37 

PARAI'IETERS ENTERED I'IANUALLY FROI'I SCREEN PRINTOUTS. 

SRT I'IST 
OUTPUT 

l 
61 

48 

E-4 

ro-

a 
a UNDERGRATE 

NAT GAS TOTAL AIR PRI'I AIR SEC AIR OXYGEN 
FLO II AIR FLOW TEI'IP PRESS PRESS 
KSCFH KACFI'I DES F IN H20 IN H20 7. 

0.0 95.63 144 11.66 25.56 12.97 

0.0 87.00 149 11.99 25.87 11.98 



RADIAN CORPORATION 

TEST 1C 
TEST DATE: 02/08/88 

PROCESS DATA SU~~ARY 
WHEELABRATOR MILLBURY, INC. 
~ILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 15 

DATE 

08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEBB8 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEBB8 
08FEB88 
08FEBB8 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
08FEB88 
OBFEBBB 
08FEB88 
08FEB88 
08FEB88 
OBFEB88 
08FEB88 
08FEB88 

TI~E 

08:51 
09:01 
09:11 
09:21 
09:31 
09:41 
09:51 
10:01 
10:11 
10:21 
10:31 
10:41 
10:51 
11:01 
11:11 
11:21 
11:31 
11:41 
11:51 
12:01 
12:11 
12:21 
12:31 
12:41 
12:51 
13:01 
13:11 
13:21 
13:31 
13:41 
13:51 
14:01 
14:11 
14:21 
14:31 
14:41 
14:51 
1 ~·:01 
15:11 
15:21 
15:31 
15:41 

FURNACE ATTPTR 
DRAFT WTR FLDII 

IN H20 KLB/HR 
PIC2025 FI2011 

-0.31 9.8 
-0.26 9.8 
0.12 9.8 

-0.10 10.0 
-0.21 11.3 
-0.51 10.5 
-0.49 9.8 
0.05 10.6 

-0.29 9.5 
-0.37 10.7 
-0.13 10.0 
0.17 10.0 

-0.16 10.0 
-0.28 10.0 
-0.43 8.0 
-0.26 10.2 
-0.28 9.5 
-0.28 10.0 
-0.35 9.0 
-0.16 B. 7 
-0.40 9.8 
-0.34 B.B 
-0.23 8.7 
-0.34 9.0 
-0.28 a. 7 
-0.20 8.3 
-0.42 8.3 
-0.17 7. 9 
-0.29 7. 9 
-0.08 8.7 
-0.38 8.4 
-0.48 a.o 
-0.32 7.5 
-0.24 a. 5 
-0.39 8.1 
-0.07 7.0 
-0.28 7. 7 
-0.37 8.0 
-0.24 7.5 

-0.11 7. 7 
-0.11 7. 4 

ST~ TO 
AT~ 

KLB/HR 
FI2317 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
(I 

0 
0 

BL FDIIR 
TEIIP 
DES F 

TI2010 
482 
482 
483 
486 
489 
490 
487 
486 
486 
490 
491 
493 
492 
492 
494 
492 
490 
492 
489 
488 
489 
488 
490 
493 
495 
495 
493 
494 
496 
498 
495 
494 
497 
499 

501 
502 
503 
498 
495 
493 
498 

a 
BL FDWR 

FLOW 
KLB/HR 
FI2001 

160.5 
161.0 
158.5 
159.0 
160.0 
162.0 
162.0 
161.0 
158.0 
161.5 
158.0 
162.9 
160.0 
162.0 
157.5 
164.5 
162.0 
161.5 
163.0 
161.~ 

161.5 
160.0 
158.5 
161.5 
159.5 
160.0 
160.5 
159.5 
162.5 
160.5 
164.5 
161.5 
160.5 
159.5 
165.0 
156.0 
163.5 
161.5 
164.5 
162.0 
164.0 
158.0 

E-5 

a a 
FURNACE SPHTR SPHTR ECON OUT SDA IN PREC OUT 

TEMP OUT TEMP OUT PRESS TEMP PRESS PRESS 
DES F DEG F IN H20 DES F IN H20 IN H20 

TR2021 TI2021A PI2020 TI2038A Pl2039 PI2375 
972 973 -0.67 676 -1.97 -3.31 
970 
966 
966 
990 
976 
972 
972 
958 
974 
974 
977 
968 
970 
952 
968 
964 
966 
962 
970 
966 
964 
970 
966 
966 
956 
962 
960 
960 
958 
954 
960 
962 
964 
958 
950 
958 
958 
964 
968 
964 
946 

971 -0.77 
967 -0.67 
967 -0.62 
983 -1.08 
977 -1.09 
969 -1.06 
973 -0.97 
958 -1.07 
975 -0.78 
973 -0.82 
969 -0.84 
972 -1.01 
970 -0.88 
968 -1.09 
967 -1.09 
962 -1.08 
969 -0.99 
965 -0.78 
970 -0.66 
972 -0.93 
966 -0.88 
969 -0.93 
968 -0.91 
968 -1.06 
956 -0.96 
964 -1.11 
963 -0.64 
959 -0.96 
960 -0.58 
953 -1.05 
962 -1.15 
964 -0.80 
961 -0.79 

-0.90 
958 -0.83 
955 -0.90 
964 -0.92 
965 -1.24 
972 -1.00 
961 -0.93 
949 -0.76 

678 -2.12 -3.48 
682 -1.97 -3.64 
684 -2.17 -3.40 
684 -2.32 -3.72 
684 -1.80 -3.83 
680 -1.83 -3.54 
684 -2.37 -3.45 
680 -1.83 -4.05 
688 -2.37 -3.38 
686 -2.54 -3.66 
690 -2.25 -3.80 
688 -2.16 -4.16 
686 -1.89 -3.98 
686 -2.38 -4.50 
686 -2.26 -3.84 
684 -2.20 -4.11 
688 -2.13 -3.99 
684 -2.18 -3.59 
684 -2.14 -3.43 
686 -2.05 -3.95 
684 -2.22 -3.91 
686 -2.14 -4.20 
690 -2.33 -3.99 
692 -2.05 -4.28 
686 -2.24 -3.98 
688 -2.20 -4.30 
692 -2.42 -4.17 
692 -2.68 -4.31 
696 -1.99 -3.72 
688 -2.19 -4.19 
692 -2.37 -4.48 
694 -2.45 -4.39 
694 -2.04 -3.86 
690 -4.11 
698 -1.79 -4.78 
694 -2.50 -4.34 
702 -1.86 -4.20 
694 -2.58 -4.23 
694 -2.24 -4.19 
694 -2.31 -4.16 
696 -2.33 -4.66 
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RADIAN CORPORATION 

TEST 1C 
TEST DATE: 02/08/88 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 15 

DATE TIME FURNACE ATTPTR 
DRAFT WTR FLOII 

IN H20 KLB/HR 
OBFEBBB 15:51 -0.49 8.0 

AVERAGE -0.26 9.0 

a 

a 
STM TO BL FDIIR BL FDIIR 

ATM TEMP FLO II 
KLB/HR DES F KLB/HR 

0 501 163.0 

0 492 161.0 

THIS PARAMETER liAS ENTERED MANUALLY FROM SCREEN PRINTOUTS. 

E-6 

10-Mar-k 

a a 
FURNACE SPHTR SPHTR ECON OUT SDA IN PREC OUT 

TEMP OUT TEMP OUT PRESS TEMP PRESS PRESS 
DES F DES F IN H20 DES F IN H20 IN H20 

952 951 -1.26 696 -2.12 -4.72 

964 966 -0.92 688 -2.19 -4.00 



RADIAN CORPORATION 

TEST 1C 
TEST DATE: 02/08/88 

PROCESS DATA SU~MARY 
WHEELABRATOR MILLBURY, INC. 
KILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 16 

DATE TI"E 

OBFEBB8 08:51 
OBFEB8B 09:01 
08FEB88 09:11 
08FEB88 09:21 
OBFEB88 09:31 
08FEB88 09:41 
OBFEBB8 09:51 
OBFEB8B 10:01 
OBFEBBB 10: 11 
OBFEB88 10:21 
08FEB8B 10:31 
08FEBBB 10:41 
OBFEB88 10:51 
08FEB88 11:01 
08FEBBB 11 : 11 
08FEB88 11:21 
08FEB88 11:31 
OBFEB88 11:41 
08FEBBB 11:51 
OBFEBB8 12:01 
08FEB88 12: 11 
08FEB8B 12:21 
08FEB88 12:31 
08FEB8B 12:41 
OBFEB88 12:51 
08FEB88 13:01 
08FEB88 13: 11 
08FEB88 13:21 
08FEB88 13:31 
08FEB88 13:41 
08FEB88 13:51 
08FEB88 14:01 
08FEB88 14 : 11 
08FEB88 14:21 
08FEB88 14:31 
OBFEB88 14:41 
08FEB88 14:51 
08FEB88 15:01 
08FEB88 15:11 
OBFEB88 15:21 
08FEB88 15:31 
08FEB8B 1 ~.: 41 
08FEBB8 15:51 

a a a 
SPRY DR'/ SPRY DRY LI~E SLR'I DILUTION TOT SLRY IN S02 

IN TE"P OUT TEMP CONC WATER FLOW CONC 
DES F DES F PERCEtH GP" SP" PP" 

TR2040 TIC2551 HC2378 FIC2580 FIC2552 AI2378 
427 252 63.5 13.8 36.6 193.2 
428 256 66.1 14.1 36.9 294.7 
430 255 70.0 12.4 39.0 207.1 
432 255 57.4 17.1 40.9 170.6 
434 255 34.6 25.7 40.6 80.1 
434 254 24.4 29.3 39.1 92.8 
431 254 35.6 23.3 37.0 146.2 
430 256 54.7 18.7 37.1 91.2 
431 255 61.0 14.5 38.8 186.8 
434 257 63.4 15.6 40.9 192.8 
436 254 48.1 21.1 41.1 128.1 
437 253 27.7 27.9 38.0 79.1 
437 253 48. s 20. a 39. 5 87.9 
436 256 63.8 17.2 39.6 92.9 
439 255 63.1 16.9 41.3 159.3 
436 255 37.1 23.3 43.4 106.5 
436 253 58.3 17.0 38.1 96.2 
437 257 56.4 18.3 41.1 114.3 
434 252 43.3 21.7 40.9 100.8 
434 255 59.4 13.0 37.4 75.2 
435 257 39.1 24.9 40.1 90.9 
435 
437 
439 
441 
439 
439 
441 
442 
443 
439 
441 
444 
444 
442 
448 
446 
449 
442 
442 
441 
445 
446 

253 
257 
255 
254 
256 
253 
257 
255 
255 
253 
255 
257 
255 
255 
257 
255 
255 
253 
2~·4 

256 
256 
255 

43.0 
33.1 
37.0 
49.9 
20.5 
55.6 
52.9 
47.7 
49.5 
34.3 
55.1 
64.1 
56.8 

70.0 
52.2 
57.3 
34.0 
68.3 
41.3 
32.2 
51.9 

22.9 
27.4 
26.4 
21.3 
32.7 
16.4 
22.1 
21.8 
23.0 
27.1 
19.9 
17.4 
18.6 

15.2 
20.7 
18.8 
26.7 
13.0 
24.4 
33.3 
22.6 

39.3 %.3 
39.8 79.0 
42.6 43.6 
39.3 57.6 
43.1 77.1 
39.4 52.0 
41.5 47.9 
44.6 46.9 
43.3 79.3 
43.3 67.2 
40.4 46.5 
45.5 94.8 
45.5 104.5 
44.1 
44.6 153.3 
49.4 130.6 
44.1 115.5 
46.1 83.4 
40.1 98.7 
43.1 170.3 
42.9 53.2 
46.8 84.8 

E-7 

a 
IN S02 OUT S02 
FACTOR CDNC 
LB/"BTU PP" 
AI2390 AIC2379A 

0.594 22.7 
2.042 
0.647 
0.549 
0.368 
0.294 
0.453 
0.622 
0. 597 
0.614 
0.903 
0.259 
0.284 
0.611 
0.474 
0.371 
0.358 
0.366 
0.347 
0.349 
0.289 
0.207 
0.363 
0.150 
0.199 
0.426 
0.187 
0.182 
0.245 
0.260 
0.227 
0.316 
0.348 
0.366 

0.566 
0.500 
0.393 
0.292 
0.330 
0.591 
0.200 
0.285 

44.1 
36.3 
27.0 
17.1 
6.5 

18.3 
25.3 
25.3 
34.1 
21.3 
18.3 
13.6 
19.8 
26.0 
16.9 
IC ., 
L.J,J 

18.1 
7.8 

20.4 
10.6 
7.3 

11.0 
2.2 

'? ., 
.L.-.tol 

2.4 
9.6 
9.7 
7.1 

12.4 
4.9 

14.8 
12.3 
14.9 
22.4 
37.8 
21.8 
31.4 
7.5 

22.8 
11.2 
5.4 
9.3 

a 
OUT S02 S02 
FACTOR RE"OVAL 
LB/"BTU 4 
AI2386 AIC2378A 

0.169 82.0 
0.166 84.8 
0.151 81.0 
0.097 87.8 
0.007 94.8 
0.055 88.5 
0.082 74.8 
0.078 87.3 
0.150 81.8 
0.093 87.0 
0.010 92.3 
0.064 76.6 
0.077 74.5 
0.104 88.8 
0.070 72.5 
0.035 94.3 
0.076 86.3 
0.038 87.5 
0.072 90.3 
0.057 90.3 
0.018 94.8 
0.059 80.8 
0.000 93.0 
0.039 92.5 
0.009 87.0 
0.000 100.5 
0.057 71.5 
0.024 92.8 
0.019 93.5 
0.010 89.~· 

0.036 88.3 
0.033 88.0 
0.082 81.0 
0.064 85.0 

88.0 
0.163 70.5 
0.099 91.3 
0.059 87.8 
0.044 92.5 
0.070 67.8 
0.015 94.8 
0.020 86.5 
0.104 79.5 

co 
CONC 

PPK 
AI2379C 

16.3 
')I "' LJ.,.;; 

18.6 

15.5 
13.7 
14.7 
15.5 
12.4 
16.4 
16.2 
15.3 
12.4 
13.1 
18.7 
9.3 

11.9 
11.8 
9.4 
5.8 

11.0 
8.6 

12.4 
8.4 

13.2 
8.5 

14.1 
9.2 
7.9 
6.8 
8.1 

11.5 
17.2 
14.7 
12.5 
17.3 
13.4 
24.1 
22.7 
21.7 
17.2 
20.3 
17.9 
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RADIAN CORPORATION 

TEST 1C 
TEST DATE: 02/08/88 

PROCESS DATA SU""ARY 
WHEELABRATOR "ILLBURY, INC. 
"ILLBURY RESOURCE RECOVERY FACILITY 
"ILLBURY "ASSACHUSETTS 

UIHT 2 TREND LOS 16 
a a 

DATE TI"E SPRY DRY SPRY DRY LIME SLRY DILUTION TOT SLRY. 
IN TE"P OUT TEMP CONC WATER FLOW 

DEG F DEG F PERCENT GP" GP" 

a 
IN S02 

CONC 
pp" 

a 
IN 502 OUT S02 
FACTOR CONC 
LB/"BTU PP" 

a 
OUT S02 
FACTOR 
LB/"BTU 

AVERAGE 438 255 49.6 20.9 41.3 107.8 0.429 17.1 0.064 

a 
PARAMETERS ENTERED "ANUALLY FROM SCREEN PRINTOUTS. 

E-8 

502 
RE"OVAL 

i. 

86.0 

co 
CONC 
pp" 

14.2 

10· 



RADIAN CORPORATION 10-Mar-88 

TEST 1C 
TEST DATE: 02/08/88 

PROCESS DATA SUMMAR'/ 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOS 17 
a a 

DATE TII1E ESP OUT FLD 1 FLD 2 FLD 3 
TEI1P SEC VOLT SEC VOLT SEC VOLT 
DE6 F KV KV KV 

TI2376 EI2586 EI2587 EI2588 
08FEB88 08:52 252 54.1 55.0 60.2 
08FEB88 09:02 254 56.8 55.6 59.7 
08FEB88 09:12 253 55.6 55.5 60.2 
08FEB88 09:22 253 54.6 56.5 56.4 
08FEB88 09:32 252 53.4 54.2 60.0 
08FEB88 09:42 252 54.4 55.7 59.5 
08FEB88 09:52 252 53.6 55.4 59.5 
08FEBB8 10:02 254 52.1 50.8 60.1 
08FEB88 10:12 253 53.0 56.1 59.6 
08FEBBB 10:22 254 54.6 52.8 59.4 
08FEB88 10:32 254 54.0 54.5 59.5 
08FEB88 10:42 253 53.9 54.0 59.3 
08FEB88 10:52 255 53.0 53.9 59.1 
08FEB88 11:02 255 53.1 54.9 59.3 
08FEB88 11:12 256 57.0 54.4 59.9 
OBFEB88 11:22 253 54.8 54.2 59.6 
OBFEBB8 11:32 255 55.4 55.7 60.1 
OBFEB88 11:42 256 53.4 52.9 60.1 
OBFEB88 11:52 254 54.0 54.1 58.1 
08FEB88 12:02 256 57.0 54.1 59.6 
08FEB88 12:12 '"ri:C 

i...J,J 55.8 51.9 59.9 
08FEB88 12:22 255 57.1 54.8 59.9 
08FEB88 12:32 256 55.4 52.5 58.3 
OBFEB88 12:42 254 53.0 53.9 59.9 
08FEB88 12:52 256 <;"1 I 

.,,J..J. 54.3 55.7 
OBFEBBB 13:02 253 52.1 54.6 ~.a.o 

OBFEBBB 13:12 255 52.1 54.3 58.0 
OBFEB88 13:22 256 55.4 53.4 60.3 
OBFEBBB t"'•"? 

·""'~ 254 53.0 53.7 59.8 
OBFEBBB 13:42 255 54.4 52.8 52.5 
08FEB88 13:52 253 54.1 55.0 57.9 
OBFEB8B 14:02 255 52.1 52.8 59.4 
08FEB88 14:12 255 53.1 55.2 60.2 
08FEB88 14:22 254 54.4 54.2 60.1 
OBFEB88 14:32 56.8 
OBFEB88 14:42 257 57.6 48.5 60.0 
08FEBBB 14:52 ~<? 

i.~~ 53.4 50.8 55.7 
08FEB88 15:02 256 ~~5.1 53.8 60.3 
OBFEBBB 15:12 252 53.1 53.2 59.0 
08FEBB8 15:22 255 54.4 53.5 ~.q. 5 
08FEBBB 11:,'7") 

! .. , • ..);,. 254 53.8 ~~3. 7 <;7 ., 
v.Jo.J 

OBFEBBB 15:42 2~·6 ~.2.6 54.1 ~·9. 6 
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RADIAN CORPORATION 

TEST 1C 
TEST DATE: 02/08/88 

PROCESS DATA SU~~ARY 
NHEELABRATOR ~ILLBURY, INC. 
lnLLBURY RESOURCE RECOVERY FACILITY 
~ILLBURY ~ASSACHUSETTS 

UNIT 2 TREND LOB 17 
a 

DATE TillE ESP OUT FLD 1 
a a 

FLD 2 FLD 3 
TEIIP SEC VOLT SEC VOLT SEC VOLT 
DEB F KV KV KV 

08FEB88 15:52 253 51.4 50.9 60.4 

AVE RASE 254 54.2 53.9 59.0 

a 
PARA~ETERS ENTERED ~ANUALLY FRO~ SCREEN PRINTOUTS. 

10-~ar-8'_ " 
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RADIAN CORPORATION 10-

TEST 1C 
TEST DATE: 02/08/BB 

PROCESS DATA SU~~ARY 
WHEELABRATOR MILLBURY~ INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 ESP OPERATING DATA 

DATE TIME PRIMARY VOLTAGE PRII'IARY CURRENT SECONDARY VOLTAGE SECONDARY CURRENT SPARK RATE 
VOLTS AC AI'IPS AC KVOLTS DC AI'IPS DC SPARKS/MIN X10 

FIELD FIELD FIELD FIELD FIELD 
2 3 1 2 ., 2 3 2 3 2 3 .J 

OBFEB88 08:59 330 330 380 112 172 167 38 45 ~0 0.66 1.07 1.06 0 0 0 
OBFEBBB 09:29 280 330 380 120 175 171 44 44 49 0.69 1.09 1.07 0 0 0 
OBFEBBB 09: !:.9 310 340 360 109 180 161 42 44 49 0.62 1.05 1.03 0 0 0 
08FEB88 10:29 290 330 370 110 178 171 46 44 49 0.66 1.05 1.08 0 0 0 
08FEBB8 11:00 300 330 370 122 177 170 45 45 49 0.65 1.08 1.07 0 0 0 
OBFEB88 11:29 330 340 370 84 176 169 so 46 49 0.69 1.03 1.06 0 0 0 
08FEBB8 12:00 330 340 380 105 17" ,.J 169 47 46 49 0.51 1.08 0.99 1 0 0 
08FEB88 12:30 320 340 350 112 178 155 43 45 48 0.46 1.08 0.97 1 0 0 
08FEB88 13:00 280 330 370 101 176 170 42 44 50 0.62 1.05 1.07 0 0 0 
08FEB88 13:30 310 330 370 118 180 168 44 44 49 0.68 1.10 1.04 0 0 0 
08FEB88 14:00 310 330 370 119 175 167 42 41 50 0.57 0.78 1.07 0 0 0 
08FEB88 14:30 300 330 380 94 121 171 48 43 50 0.66 0.88 1.04 0 0 0 
OBFEB88 15:00 310 320 360 116 162 162 46 44 49 0.59 0.98 1.02 0 0 0 
08FEB88 15:30 300 340 370 111 174 165 45 46 49 0.68 1.04 1.04 0 0 0 

AVERAGE 307 333 370 110 171 167 44 44 49 0.62 1.03 1.04 0 0 0 

F:-11 



RADIAN CORPORATION .o-

TEST 2C 
TEST DATE: 02/08/88 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
KILLBURY RESOURCE RECOVERY FACILITY 
KillBURY MASSACHUSETTS 

UNIT 2 TREND lOS 14 a 
a a a a UNDERGRATE 

DATE TIKE STK SHTR STK EVS STK Bl KST SRT KST NAT GAS TOTAl AIR PRK AIR SEC AIR OXYGEN 
FlOII TEKP PRESS OUTPUT OUTPUT FLOII AIR FlOII TEKP PRESS PRESS 

KlB/HR DES F PSIS l 4 KSCFH KACFK DES F IN H20 IN H20 t 
FI2034 TI4062 PIC0106B FIC2034 HIC2034C FI2153 TI2024 PIC2028 PIC2026 AIC2064 

08FEB88 16:01 191.2 830 861 40 52 0.0 89.75 145 11.59 26.06 12.84 
08FEB88 16:11 191.3 822 857 39 50 0.0 92.50 145 12.06 25.69 12.25 
08FEB88 16:21 190.3 823 858 38 49 0.0 91.00 146 12.75 26.00 12.00 
08FEB88 16:31 191.6 826 859 .... 44 o.o 86.63 148 12.59 25.63 12.34 ,).,) 

08FEB88 16:41 191.1 829 861 31 43 0.0 83.88 149 12.78 26.06 11.81 
08FEB88 16:51 184.5 827 857 39 51 o.o 83.88 149 11.66 25.75 12.09 
08FEB88 17:01 186.7 829 857 37 48 0.0 85.50 148 12.56 26.31 11.50 
08FEB88 17:11 183.7 827 857 46 57 0.0 92.75 145 12.28 25.94 12.50 
08FEB88 17:21 185.6 825 857 45 56 0.0 90.75 144 11.97 26.19 12.69 
08FEB88 17:31 192.6 829 858 38 49 0.0 88.50 143 11.72 26.44 12.44 
08FEB88 17:41 187.5 821 856 44 55 o.o 92.25 143 12.56 26.06 12.63 
08FEB88 17:51 183.6 822 857 54 65 0.0 99.25 140 12.66 25.88 13.50 
08FEB88 18:01 184.1 820 856 57 65 0.0 99.75 138 12.25 25.88 13.56 
08FEB88 18:11 191.1 829 857 42 50 0.0 88.13 141 11.19 26.13 12.59 
08FEB88 18:21 186.2 824 857 52 61 0.0 99.75 138 11.66 25.75 12.66 
08FEB88 18:31 190.7 826 858 40 49 0.0 89.38 142 12.34 25.31 12.38 
OBFEB88 18:41 183.3 823 858 55 63 0.0 100.88 138 11.88 25.19 13.13 
OBFEB88 18:51 186.9 822 856 51 60 0.0 98.25 138 12.53 25.94 12.56 
OBFEB8B 19:01 190.6 824 857 44 ., 

~~ 0.0 93.13 139 12.03 25.94 12.25 
08FE888 19:11 191.2 826 865 37 45 0.0 87.50 143 12.25 26.00 12.34 
OBFEB88 19:21 186.7 824 857 42 50 0.0 89.38 143 12.44 26.25 12.59 
08FEB88 19:31 187.1 824 857 44 52 0.0 92.63 141 13.28 25.88 12.09 
OBFEB8B 19:41 182.1 822 856 57 64 0.0 98.50 137 12.25 25.63 12.78 
08FEBBB 19:51 182.9 822 856 60 69 0.0 101.25 136 12.00 26.31 13.13 
08FEB88 20:01 190.9 825 859 43 ~.o 0.0 87.75 141 12.91 26.44 12.66 
08FEB88 20:11 186.6 830 859 50 56 o.o 93.88 140 11.66 26.00 12.34 
08FEB88 20:21 185.0 823 857 53 59 0.0 96.88 140 12.19 26.31 12.84 
08FEB88 20:31 192.5 831 859 39 45 0.0 85.25 141 11.34 25.44 11.47 
OBFEB88 20:41 193.8 831 861 34 40 0.0 84.00 142 11.88 26.25 11.69 
08FEB88 20:51 187.6 822 857 40 46 o.o 86.75 144 11.66 25.75 12.22 
08FEBB8 21:01 190.7 827 ass 34 37 0.0 83.88 144 12.69 26.44 11.59 
08FEB88 21:11 186.7 822 858 41 45 0.0 89.25 143 12.88 26.19 11.69 
OBFEB8B 21:21 186.2 826 857 42 46 0.0 88.38 143 11.94 26.38 11.91 

AVERAGE 188.0 825 858 44 52 0.0 91.25 142 12.19 25.98 12.40 

a 
PARAMETERS ENTERED KANUAllY FROM SCREEN PRINTOUTS. 
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RADIAN CORPORATION 

TEST 2C 
TEST DATE: 02/08/88 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 15 

a 

DATE 

08FEB88 
08FEB88 
08FEB8B 
08FEB8B 
OBFEBBB 
08FEB8B 
08FEBBB 
OBFEBBB 
08FEB88 
08FEB88 
08FEB8B 
08FEBB8 
08FEB88 
08FEB88 
08FEB88 
OBFEBB8 
08FEB88 
08FEBBB 
08FEB88 
08FEB88 
08FEB88 
OBFEB88 
OBFEBBB 
08FEBBB 
OBFEBBB 
OBFEBB8 
08FEB88 
OBFEBBB 
08FEB88 
OBFEBBB 
08FEB88 
08FEBBB 
08FEB88 

TIHE 

16:01 
16:11 
16:21 
16:31 
16:41 
16:51 
17:01 
17:11 
17:21 
17:31 
17:41 
17:51 
18:01 
18:11 
18:21 
18:31 
18:41 
18:51 
19:01 
19:11 
19:21 
19:31 
19:41 
19:51 
20:01 
20:11 
20:21 
20:31 
20:41 
20:51 
21:01 
21:11 
21:21 

AVE RASE 

FURNACE ATTPTR 
DRAFT WTR FLOW 

IN H20 KLB/HR 
PIC202~· FI2011 

-0.21 9.5 
-0.22 7.8 
-0.21 8.1 
-0.38 9.3 
-0.49 9.8 
-0.12 8.8 
0.11 9.6 

-0.49 8.4 
-0.30 9.0 
-0.35 9.2 
-0.01 7.9 
0.03 6.8 

-0.34 7 .o 
-0.42 9.2 
-0.01 6.3 
-0.38 8.3 
-0.23 b. 5 
-0.38 7.1 
-0.40 7.7 
-0.07 8.3 
-0.15 7. 7 
-0.34 7.6 
-0.25 6.8 
-0.06 6.2 
-0.01 8.3 
-0.26 7.6 
-0.34 6. 3 
-0.33 8. 7 
-0.34 9.1 
-0.47 7.2 
-0.07 8.5 
-0.13 7. 0 
-0.35 7.5 

-0.24 8.0 

a 
STH TO 

ATM 
KLB/HR 
FI2317 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

(I 

a 
BL FDMR BL FDWR 

TEMP FLOW 
DES F . KLB/HR 

TI2010 FI2001 
503 163.5 
498 164.5 
493 164.5 
490 163.0 
489 164.5 
485 162.5 
486 159.5 
489 157.5 
495 159.5 
500 159 .o 
498 162.5 
501 158.5 
505 158.5 
504 168.5 
500 160.5 
499 167.5 
498 158.5 
503 163.5 
502 165.0 
498 165.5 
492 164.0 
493 162.5 
498 155.0 
504 160.0 
503 167.5 
497 163.5 
495 162.0 
497 164.5 
494 164.5 
489 163.5 
488 165.0 
497 159.5 
488 161.5 

496 162.4 

THIS PARAMETER WAS ENTERED MANUALLY FROM SCREEN PRINTOUTS. 

E-13 

a 
FURNACE SPHTR SPHTR ECON OUT 

TEMP OUT TEMP OUT PRESS TEMP 
DES F DES F IN H20 DEG F 

TR2021 TI2021A PI2020 TI2038A 
960 960 -0.99 698 
956 963 -0.90 694 
964 967 -0.79 694 
968 974 -1.15 694 
970 971 -1.05 690 
964 959 -0.85 684 
968 967 -0.73 688 
958 958 -1.05 692 
960 958 -1.09 692 
962 965 -0.55 702 
956 956 -0.69 696 
948 949 -0.67 700 
950 946 -1.07 700 
962 961 -0.82 702 
946 948 -0.95 700 
958 
946 
942 
954 
964 
960 
962 
948 
944 
962 
956 
954 
968 
970 
960 
974 
964 
962 

959 -1.22 
946 -1.08 
942 -1.14 
955 -1.05 
964 -0.95 
960 -0.80 
962 -1.08 
949 -1.09 
944 -0.55 
958 -0.92 
956 -0.99 
955 -0.85 
966 -0.88 
969 -1.07 
961 -1.29 
976 -0.67 
966 -0.82 
962 -0.88 

698 
700 
704 
702 
698 
694 
700 
702 
702 
702 
700 
698 
702 
700 
692 
696 
694 
692 

a 
SDA IN 

PRESS 
IN H20 
PI2039 

-2.31 
-1.87 
-1.96 
-2.01 
-2.25 
-2.29 
-1.96 
-2.54 
-1.63 
-2.01 
-2.26 
-2.88 
-2.58 
-2.22 
-2.42 
-1.96 
-2.07 
-2.41 
-1.95 
-2.18 
-2.22 
-2.08 
-2.70 
-2.57 
-2.31 
-2.14 
-2.34 
-2.03 
-1.87 
-2.35 
-1.80 
-2.21 
-2.36 

PREC OUT 
PRESS 

IN H20 
PI2375 
-4.078 
-4.125 
-4.063 
-4.109 
-3.727 
-3.688 
-3.531 
-4.219 
-4.25 

-3.391 
-4.047 
-4.516 
-4.875 
-3.641 
-4.828 
-4.531 
-5.016 
-4.719 
-4.344 
-3.938 
-3.984 
-4.234 
-4.703 
-4.547 
-3.859 
-4.25 

-4.359 
-3.609 
-3.742 
-4.219 
-3.344 

-4 
-3.789 

959 959 -0.93 697 -2.20 -4.13 

10-Mar-88 



RADIAN CORPORATION ,_11 

TEST 2C 
TEST DATE: 02/08/88 

PROCESS DATA SUI'II'IARY 
WHEELABRATOR HILLBURY, INC. 
I'I!LLBURY RESOURCE RECOVERY FACILITY 
I'I!LLBURV I'IASSACHUSETTS 

UNIT 2 TREND LOG 16 
a a a a a 

DATE TII'IE SPRY DRY SPRY DRY LII'IE SLRY DILUTION TOT SLRV IN 502 IN S02 OUT S02 OUT S02 S02 co 
IN TEI'IP OUT TEI'IP CONC NATER FLOW CONC FACTOR CONC FACTOR REI'IOVAL CONC 

DES F DES F PERCENT 6PI'I 6PI'I pp" LB/,BTU pp" LB/,BTU z pp" 
TR2040 TIC2551 HC2378 FIC2580 FIC2552 Al2378 AI2390 AIC2379A AI2386 AIC2378A Al2379C 

08FEB88 16:01 446 255 53.4 20.9 44.3 104.6 0.407 29.9 0.039 87.8 20.3 
08FEB88 16:11 443 254 61.4 17.0 44.6 107.9 0.376 14.7 0.090 82.5 14.7 
08FEB88 16:21 440 254 59.1 17.9 42.1 102.8 0.348 15.6 0.079 82.5 11.7 
08FEB88 16:31 437 255 63.4 15.4 41.5 134.6 0.422 26.0 0.069 86.5 14.1 
08FEB88 16:41 435 254 68.1 11.2 40.1 122.4 0.385 20.2 0.096 83.3 11.9 
08FEB88 16:51 431 254 69.7 11.5 38.1 120.7 0.414 28.2 0.107 78.5 10.9 
08FEB88 17:01 434 257 68.6 13.4 39.8 135.2 0.585 30.4 0.148 88.0 12.4 
08FEB88 17:11 437 255 70.0 13.0 41.0 169.8 o. 574 42.4 72.5 12.4 
08FEB88 17:21 440 257 59.0 18.3 43.6 120.9 0.425 28.1 0.027 86.3 10.2 
08FEB88 17:31 445 255 42.1 26.5 45.0 68.0 0.396 16.6 0.006 81.3 24.2 
08FEB88 17:41 443 253 41.3 24.2 43.6 69.2 0.251 6.5 0.074 77.8 11.0 
08FEB88 17:51 447 256 49.5 24.3 42.9 53.9 0.209 14.5 0.015 86.5 23.6 
08FEB88 18:01 450 257 36.7 29.5 50.0 74.7 0.275 5.5 0.034 94.3 23.4 
08FEB88 18:11 446 252 46.3 23.3 46.6 95.0 0.336 15.5 0.021 94.0 11.0 
OBFEB88 18:21 448 254 67.9 14.9 42.6 100.9 0.369 18.2 0.096 61.6 26.6 
OBFEB88 18:31 444 257 37.2 26.7 49.5 102.5 0.410 11.8 0.000 96.8 10.2 
08FEB88 18:41 446 251 58.8 17.7 41.5 69.6 0.278 12.8 0.064 75.0 18.6 
08FEB88 18:51 448 261 28.0 36.8 48.4 75.1 0.258 8.0 0.001 98.0 11.0 
08FEB88 19:01 446 249 67.0 15.5 47.3 58.4 0.338 12.9 0.099 78.0 12.5 
08FEBBB 19:11 441 255 34.3 27.5 42.1 55.9 0.199 11.8 0.000 100.3 8.6 
OBFEB88 19:21 439 253 45.6 22.2 41.0 52.1 0.186 6.1 0.050 73.0 11.7 
08FEB88 19:31 441 256 39.9 26.0 40.1 110.4 0.819 10.9 0.013 97.3 14.6 
08FEB88 19:41 446 257 31.0 32.5 45.3 50.9 0.182 4.4 0.042 84.0 20.4 
08FEB88 19:51 448 255 39.4 27.9 45.6 52.3 0.204 9.7 0.027 86.3 21.1 
08FEB88 20:01 444 255 26.5 30.0 46.0 67.4 0.358 8.9 0.004 96.8 14.3 
OBFEB88 20:11 442 252 49.6 21.9 39.4 49.6 0.168 10.3 0.019 75.8 12.5 
08FEB88 20:21 442 256 25.0 33.8 43.6 51.7 0.179 2.2 0.015 93.0 14.4 
OBFEB88 20:31 442 255 62.4 17.2 42.6 119.6 0.841 27.3 0.141 76.8 14.6 
08FEB88 20:41 439 255 66.1 13.4 42.0 210.9 0.654 47.3 0.118 79.8 14.0 
08FEB88 20:51 435 253 70.0 11.3 40.5 146.4 0.513 27.3 0.114 82.5 7.9 
08FEB88 21:01 435 256 47.4 20.4 40.4 124.5 0.417 26.3 0.034 92.0 15.0 
08FEB88 21:11 435 253 66.4 13.9 39.9 144.1 0.514 15.1 0.169 69.5 11.8 
08FEB88 21:21 434 256 39.8 24.0 39.6 6.0 0.002 22.7 0.146 100.8 10.2 

AVERAGE 441 255 51.2 21.2 43.0 94.8 0.372 17.8 0.061 84.8 14.6 

a 
PARA,ETERS ENTERED "ANUALLY FROI'I SCREEN PRINTOUTS. 
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TEST 2C 
TEST DATE: 02/08/88 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

urm 2 TREtW LOG 17 
a a a 

DATE TIME ESP OUT FLD 1 FLD 2 FLD 3 
TEMP SEC VOLT SEC VOLT SEC VOLT 
DES F KV KV KV 

TI2376 EI2586 El2587 EI2588 
08FEB88 16:02 254 51.1 53.5 57.8 
08FEB88 16:12 254 52.8 52.5 60.4 
08FEB88 16:22 253 52.8 54.9 59.8 
08FEB88 16:32 253 54.0 53.9 60.2 
08FEB88 16:42 253 54.8 53.8 60.1 
08FEB88 16:52 254 54.4 55.8 57.1 
08FEB88 17:02 255 54.6 55.1 60.3 
08FEB88 17:12 255 57.0 53.8 53.0 
08FEB88 17:22 255 55.1 56.0 59.9 
08FEB88 17:32 255 55.4 55.5 57.2 
08FEB88 17:42 253 52.8 52.3 57.9 
08FEB88 17:52 256 54.4 53.4 55.4 
08FEB88 18:02 253 52.1 54.9 59.9 
08FEB88 18:12 253 52.8 53.4 56.4 
08FEB88 18:22 255 54.0 55.1 59.3 
OBFEB88 18:32 252 51.1 53.7 60.2 
OBFEB88 18:42 255 55.8 54.8 59.9 
08FEB88 18:52 255 54.8 54.1 60.1 
08FEB88 19:02 250 53.4 53.1 60.1 
08FEB88 19:12 254 54.6 54.5 59.5 
08FEB88 19:22 253 53.4 54.2 60.1 
08FEB88 19:32 255 53.8 53.6 59.8 
08FEB88 19:42 255 52.8 53.2 58.7 
08FEB88 19:52 254 53.0 50.6 59.4 
08FEB88 20:02 251 51.8 55.1 56.9 
08FEBBB 20:12 254 53.8 51.4 58.3 
OBFEB88 20:22 253 52.0 53.7 56.6 
08FEB88 20:32 253 51.1 54.6 59.0 
OBFEBB8 20:42 254 53.0 53.5 59.7 
08FEB88 20:52 253 53.6 55.2 59.7 
08FEB88 21:02 253 54.1 53.4 59.3 
08FEB88 21:12 253 55.1 55.0 58.5 
08FEB88 21:22 254 56.4 53.2 58.4 

AVERAGE 254 53.7 54.0 58.8 

a 
PARAMETERS ENTERED MANUALLY FROM SCREEN PRINTOUTS. 



RADIAN CORPORATION -lo. 
l 

TEST 2C l 
TEST DATE: 02/08/88 

PROCESS DATA SUMMARY ' l 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY "ASSACHUSETTS ~ I 
UNIT 2 ESP OPERATING DATA 

DATE TillE PRIIIARY VOLTAGE PRIIIARY CURRENT SECONDARY VOLTAGE SECONDARY CURRENT SPARK RATE 1 
VOLTS AC AIIPS AC KVOLTS DC AIIPS DC SPARKS/IIIN X10 

FIELD FIELD FIELD FIELD · FIELD l 
1 2 3 2 3 2 3 1 2 3 1 2 3 l 08FEB88 16:31 310 330 370 116 175 170 43 45 50 0.55 1.06 LOB 0 0 0 

08FEB8B 17:00 320 330 380 114 173 170 48 45 50 0.70 1.02 1.07 0 0 0 
08FEBB8 17:30 310 330 380 121 173 170 44 44 50 0.62 1.03 1.08 0 0 0 
08FEB88 18:00 300 320 370 121 178 161 44 44 50 0.68 1.08 1.04 0 0 0 
08FEB88 18:30 300 320 370 120 177 170 43 43 49 0.66 !.07 1.07 0 0 0 
08FEB88 19:00 300 310 370 119 169 166 44 44 49 0.68 .. J3 1.05 0 0 0 - t 

08FEB88 19:30 320 330 380 122 177 170 45 45 50 0.69 1.11 1.08 0 0 0 r 

08FEB88 20:00 290 320 370 110 179 172 43 43 49 0.59 1.02 1.08 0 0 0 
I 

08FEB88 20:30 300 330 370 119 175 174 42 44 49 0.62 1.08 1.09 0 0 0 
08FEB88 21:00 300 330 370 109 178 174 42 45 50 0.53 1.11 1.07 0 0 0 i 

- j 

AVERAGE 305 325 373 117 175 170 44 44 50 0.63 1.06 1.07 0 0 0 

1 
- J 

- j 

l 
- I 

l 
- [ 
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RADIAN CORPORATION 10-

TEST 3C 
TEST DATE: 02/09/88 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOS 14 a 
a a a UNDER6RATE 

DATE TIME STI'I SHTR STI'I EVB STI'I BL I'IST 6RT I'IST NAT 6AS TOTAL AIR PRI'I AIR SEC AIR OXYSEN 
FLOW TEI'IP PRESS OUTPUT OUTPUT FLOW AIR FLOit TEI'IP PRESS PRESS 

KLB/HR DES F PSIS I I KSCFH KACFI'I DEB F IN H20 IN H20 I 
FI2002B TI4062 PIC0106B FIC2034 HIC2034C FI2153 TI2024 PIC2028 PIC2026 AIC2064 

09FEB88 08:35 185.5 824 257 35 32 0.0 82.75 145 11.72 25.25 11.84 
09FEBB8 08:45 190.5 824 858 29 26 0.0 78.00 146 12.28 26.31 10.63 
09FEB88 08:55 188.0 826 857 32 28 0.0 80.63 147 13.09 25.38 10.66 
09FEB88 09:05 186.5 827 857 34 31 0.0 81.13 147 12.03 25.69 11.06 
09FEB88 09:15 188.0 8"" J.J. 856 34 31 0.0 82.75 145 12.44 25.75 11.03 
09FEB88 09:25 184.0 822 857 42 39 o.o 88.50 144 12.09 25.63 11.75 
09FEB88 09:35 190.0 824 858 35 32 0.0 83.75 143 12.56 26.19 11.47 
09FEB88 09:45 188.0 824 857 37 34 0.0 84.38 145 11.38 25.81 11.34 
09FEB88 09:55 188.5 826 857 35 31 0.0 81.00 147 10.75 26.50 11.31 
09FEB88 10:05 188.5 826 857 33 30 0.0 81.88 147 12.47 25.94 10.91 
09FEB88 10:15 189.5 826 865 28 27 0.0 80.75 148 11.97 26.31 9.97 
09FEB88 10:2S 187.0 822 8S7 33 30 0.0 81.38 149 12.00 25.69 11.03 
09FEB88 10:35 187.0 826 858 37 33 0.0 84.00 147 12.66 25.88 10.88 
09FEB88 10:45 187.0 824 857 37 35 0.0 84.13 148 12.59 26.00 11.S9 
09FEB88 10:SS 189.0 828 857 36 33 0.0 83.25 147 12.25 26.31 11.25 
09FEB88 11 :OS 187.5 824 8S7 38 36 0.0 85.75 147 12.75 25.88 11.59 
09FEB88 11:15 185.5 826 857 40 37 0.0 86.50 148 11.75 26.50 12.06 
09FEB88 11:25 191.0 828 858 32 29 o.o 81.13 149 11.38 26.06 10.88 
09FEB8B 11:35 189.5 822 857 31 28 0.0 79.88 151 12.19 26.19 11.78 
09FEB88 11:45 187.0 822 856 34 31 0.0 83.25 150 13.00 26.38 12.06 
09FEB88 11:55 186.0 822 857 40 36 0.0 85.00 150 11.47 26.25 11.91 

09FEB88 12:05 188.S 824 857 34 32 o.o 83.13 149 12.34 26.25 11.59 
09FEBB8 12:1S 185.0 822 857 38 35 0.0 84.75 150 12.56 26.25 12.25 
09FEB88 12:25 183.S 824 ass 44 40 o.o 89.13 148 12.31 26.38 12.66 
09FEBB8 12:3S 183.5 822 BS7 so 47 0.0 91.38 146 11.75 25.94 12.41 

09FEB88 12:45 184.0 822 857 50 47 o.o 94.88 144 11.91 26.06 12.59 

09FEB88 12:5S 195.0 830 865 32 29 0.0 80.88 148 12.13 25.94 11.38 

09FEB88 13:05 190.0 820 8S8 36 33 0~0 82.25 151 11.59 2S.69 11.22 
09FEB88 13:1S 191. s 830 857 33 30 0.0 77.50 152 11.13 26.00 11.63 

09FEB88 13:25 185.0 824 857 44 41 0.0 8S.13 151 11.72 26.19 12.78 

AVERAGE 187.7 824 858 36 33 0.0 83.63 148 12.08 26.02 11.52 

a 
PARAI'IETERS ENTERED I'IANUALLY FROI'I SCREEN PRINTOUTS. 
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10-"ar-&'~ 

TEST 3C I 
TEST DATE: 02/09/88 

PROCESS DATA SUMNARY -I 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 

I MILLBURY MASSACHUSETTS 
- j 

UNIT 2 TREND LOG 15 
a c! 

DATE TII1E FURNACE ATTPTR STI'I TO BL FDiiR BL FDWR FURNACE SPHTR SPHTR ECON OUT SDA IN PREC OUT 
DRAFT WTR FLOW ATI'I TEI1P FLOW TEI1P OUT TEI1P OUT PRESS TEI1P PRESS PRESS 

IN H20 KLB/HR KLB/HR DEG F KLB/HR DES F DES F IN H20 DE& F IN H20 IN H20 

' 
PIC2025 FI2011 FI2317 Tl2010 FI2001 TR2021 TI2021A PI2020 TI'2038A PI2039 PI2375 

09FEB88 08:35 -0.53 9.8 0 480 158.5 982 982 -1.33 676 -2.12 -3.91 . ' 
09FEB88 08:45 -0.08 10.9 0 482 163.0 992 989 -0.65 680 -1.98 -2.99 
09FEB8B 08:55 0.05 9.8 0 480 163.0 980 981 -0.60 676 -2.12 -3.08 

. , 
r 

09FEB88 09:05 -0.02 9.5 0 480 161.5 972 973 -0.80 676 -1.82 -3.45 "j 
09FEB88 09:15 -0.31 9.8 0 482 161.0 970 970 -1.26 680 -2.26 -3.73 
09FEB88 09:25 -0.44 8.8 0 483 159.5 960 960 -0.90 678 -2.23 -4.06 
09FEB88 09:35 -0.13 10.1 0 487 163.5 982 982 -0.47 684 -1.81 -3.21 I 

-' 09FEB88 09:45 -0.77 9.7 0 486 163.0 978 978 -1.18 684 -2.16 -3.78 
09FEB88 09:55 -0.58 9.7 0 485 161.5 980 980 -1.11 680 -2.09 -3.56 . ' 
09FEB89 10:05 -0.21 9.9 0 483 162.5 994 984 -1.26 682 -1.99 -3.76 
09FEB88 10:15 -0.14 10.3 0 482 163.0 998 998 -0.93 680 -1.54 -3.61 - l 

09FEB89 10:25 -0.53 9.3 0 480 162.0 984 984 -1.41 678 -2.10 -3.91 
09FEB88 10:35 -0.09 10.1 0 493 158.0 982 982 -0.72 682 -1.91 -3.58 - I 

i 
09FEB88 10:45 -0.15 9.5 0 485 159.5 982 982 -0.84 682 -2.09 -3.59 ! 

- j 

09FEB88 10:55 -0.25 9.7 0 487 160.5 976 976 -0.98 684 -2.03 -3.55 
09FEB88 11 :OS -0.05 8.4 0 486 162.0 968 968 -0.87 682 -1.86 -3.60 - r 
09FEB88 11:15 -0.16 8.1 0 485 163.5 958 958 -0.64 676 -1.95 -3.43 

- l 
09FEB88 11:25 -0.25 9.9 0 485 165.5 970 970 -0.93 680 -:-2.11 ::.3.48 
09FEB88 11:35 -0.28 9.6 0 491 164.0 974 974 -0.66 678 -1.77 -3.00 . r 
09FEB88 11:45 -0.15 9.2 0 481 161.5 976 976 -0.83 680 -2.03 -3.52 
09FEB88 11:55 -0.53 9.0 0 482 161.0 980 980 -0.89 682 -1.87 -3.73 
09FEB89 12:05 -0.18 9.5 0 494 161.5 972 972 -1.02 682 -1.79 -3.64 
09FEB88 12:15 0.02 8.4 0 482 163.0 968 968 -0.69 680 -2.22 -3.45 . r 

I 

09FEB88 12:25 -0.23 8.4 0 484 159.0 962 962 -1.18 694 -1.96 -4.34 I 
- l 

09FEB89 12:35 -0.32 7.7 0 499 157.5 958 959 -0.99 690 -2.21 -4.27 
09FEB89 12:45 -0.32 8.1 0 497 160.5 958 958 -1.09 696 -2.33 -4.81 . f 

09FEB88 12:55 -0.51 10.3 0 498 167.0 992 982 -1.09 694 -1.80 -3.70 : 

09FEB88 13:05 -0.43 8.6 0 490 163.0 978 978 -1.14 686 -2.14 -3.82 l 

09FEB88 13:15 -0.38 10.1 0 486 164.5 974 974 -1.02 682 -2.58 -3.36 
09FEB88 13:25 -0.38 8.5 0 483 160.5 964 964 -1.18 680 -2.14 -3.99 

. r 
l 
' ' . i 

AVERAGE -0.28 9.4 0 485 161.8 975 975 -0.95 682 -2.03 -3.66 

a - ~ 
THIS PARAI1ETER WAS ENTERED MANUALLY FROI1 SCREEN PRINTOUTS. 
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RADIAN CORPORATION lfi· 

TEST 3C 
TEST DATE: 02/09/88 

PROCESS DATA SUMI'IARY 
~HEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 16 
a a a a a 

DATE TII!E SPRY DRY SPRY DRY LIME SLRY DILUTION TOT SLRY IN S02 IN 502 OUT S02 OUT S02 S02 co 
IN TEI!P OUT TEI!P CONC WATER FLO!rl CONC FACTOR CONC FACTOR REI!OVAL CONC 

DES F DES F PERCENT GPI! GPI! PPI! LB/I!BTU PPI! LB/I!BTU 4 PPI! 
TR2040 TIC2551 HC2378 FIC2580 FIC2552 AI2378 AI2390 AIC2379A AI2386 AIC2378A AI2379C 

09FEB88 08:36 428 255 70.0 11.0 37.5 500.1 1.675 143.0 0.728 68.8 35.1 
09FEB88 08:46 428 255 70.0 11.5 38.3 351.7 1.094 113.3 0.208 83.3 35.9 
09FEB88 08:56 427 254 70.0 11.3 36.5 258.4 0.807 48.4 0.164 82.5 36.6 
09FEB88 09:06 428 255 68.2 13.2 38.0 259.7 0.819 40.0 0.180 83.3 31.9 
09FEB88 09:16 429 255 70.0 11.7 38.1 377.3 1.238 69.5 0.404 72.3 37.0 
09FEB88 09:26 433 255 70.0 11.5 38.9 443.6 1.586 120.0 0.567 72.3 32.6 
09FEB88 09:36 434 256 70.0 12.5 41.6 353.0 1.169 90.8 0.211 84.0 35.9 
09FEB88 09:46 433 253 70.0 11.4 39.6 255.9 0.858 43.8 0.162 83.5 34.3 
09FEB88 09:56 430 255 70.0 11.1 38.6 244.8 0.837 38.4 0.127 86.5 35.5 
09FEB88 10:06 430 255 66.2 12.9 38.1 238.8 0.773 40.1 0.140 84.8 36.9 
09FEB88 10:16 430 255 70.0 12.9 38.6 258.7 0.800 34.5 0.149 83.0 42.4 
09FEB88 10:26 427 254 70.0 11.2 36.3 275.8 0.860 40.0 0.173 83.3 44.5 
09FEB88 10:36 431 257 69.9 12.0 39.1 279.8 0.909 54.1 0.215 82.3 49.4 
09FEB88 10:46 432 254 69.9 11.8 40.5 301.0 0.971 47.1 0.218 82.3 46.0 
09FEB88 10:56 433 255 69.9 12.0 39.0 293.2 0.966 55.8 0.220 82.5 49.1 
09FEB88 11:06 433 255 66.5 11.0 39.0 205.6 0.704 40.5 0.145 83.8 53.9 
09FEB88 11:16 432 255 61.3 14.0 39.4 168.2 0.596 24.7 0.094 87.3 50.1 
09FEB88 11:26 431 255 53.4 11.8 39.1 171.3 0.543 21.3 0.074 88.5 52.0 
09FEB88 11:36 428 253 46.1 10.3 37.3 158.7 o. 510 19.6 0.066 88.0 45.5 
09FEB88 11:46 429 255 44.7 19.7 36.1 143.1 0.474 20.2 0.096 85.5 56.6 
09FEB88 11:56 431 255 53.5 17.3 36.6 153.7 0.551 27.8 0.106 81.5 47.0 
09FEB88 12:06 432 256 62.0 15.0 37.9 160.8 0.515 29.3 0.086 85.5 46.0 
09FEB88 12:16 431 254 48.7 18.4 37.5 139.4 0.475 16.3 0.063 87.3 40.1 
09FEB88 12:26 435 256 53.8 18.2 38.1 137.3 0.513 21.8 0.095 84.0 44.6 
09FEB88 12:36 439 257 60.5 16.8 41.5 141.5 0.511 22.5 0.105 84.8 48.3 
09FEB88 12:46 446 257 53.1 21.3 45.8 141.4 0.520 19.4 0.054 89.8 54.9 
09FEB88 12:56 441 252 34.3 26.9 45.3 139.5 0.451 11.6 0.040 91.0 50.9 
09FEB88 13:06 435 251 44.8 21.0 36.0 141.5 0.466 22.6 0.128 75.0 44.6 
09FEB88 13:16 431 257 50.3 18.5 39.1 185.6 0.569 28.1 0.095 88.3 37.5 
09FEB88 13:26 431 254 64.1 13.9 36.8 195.7 0.688 35.1 0.167 81.0 36.0 

AVERAGE 432 255 61.4 14.4 38.8 235.8 0.782 44.6 0.176 83.2 43.0 

a 
PARA"ETERS ENTERED MANUALLY FROI! SCREEN PRINTOUTS. 
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RADIAN CORPORATION 10-l!ar·uJ 

TEST 3C 
TEST DATE: 02/09/8 

PROCESS DATA SUI!I!ARY 
WHEELABRATOR I!ILLBURY, INC. 
I!ILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOS 17 
a a a 

DATE TillE ESP OUT FLD 1 FLD 2 FLD 3 
TEI!P SEC VOLT SEC VOLT SEC VOLT 
DES F KV KV KV 

09FEB8B 08:36 254 57.8 56.3 59.6 
09FEB88 08:46 253 56.0 55.7 59.6 
09FEB88 08:56 253 55.8 55.7 60.0 
09FEB88 09:06 253 56.6 54.0 59.9 
09FEBB8 09:16 253 57.1 56.1 52.9 
09FEB88 09:26 253 59.4 56.5 60.4 
09FEB88 09:36 253 59.1 57.2 60.4 
09FEBB8 09:46 252 57.4 56.1 60.3 
09FEB88 09:56 252 57.4 54.6 60.6 
09FEB88 10:06 253 59.3 56.4 58.6 
09FEB88 10:16 253 59.9 56.3 60.9 
09FEB88 10:26 253 58.6 57.3 60.6 
09FEB88 10:36 254 54.8 56.2 60.6 
09FEB88 10:46 253 59.4 57.2 60.8 
09FEB88 10:56 254 62.8 57.1 61.0 
09FEB88 11:06 253 59.5 56.2 59.8 
09FEB88 11:16 252 56.0 57.2 60.8 
09FEB88 11:26 252 60.5 57.1 61.0 
09FEB88 11:36 252 58.9 57.4 60.8 
09FEB88 11:46 253 54.3 56.8 61.1 
09FEB88 11:56 253 54.5 58.3 41.2 
09FEB88 12:06 254 60.1 57.7 60.6 
09FEB88 12:16 252 50.0 58.7 60.1 
09FEB88 12:26 254 51.4 57.4 57.5 
09FEB88 12:36 254 53.9 54.7 60.9 
09FEB88 12:46 255 58.5 56.3 59.9 
09FEB88 12:56 252 52.3 55.9 60.5 
09FEB88 13:06 253 58.6 57.2 60.7 
09FEB88 13:16 254 56.6 56.5 60.3 
09FEB88 13:26 254 58.0 53.2 51.7 

AVERAGE 253 57.1 56.4 59.1 

a 
PARAI!ETERS ENTERED I!ANUALLY FROI! SCREEN PRINTOUTS. 
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RADIAN CORPORATION 

TEST 3C 
TEST DATE: 02/09/88 

PROCESS DATA SUMMARY 
~HEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 16 

DATE TIME 

09FEB88 08:36 
09FEB88 08:46 
09FEB88 08:56 
09FEB88 09:06 
09FEB88 09:16 
09FEBB8 (~9: 26 
09FEBB8 09:36 
09FEB88 09:46 
09FEB88 09:56 
09FEB88 10:06 
09FEB88 10:16 
09FEB88 10:26 
09FEB88 10:36 
09FEB88 10:46 
09FEB88 10:56 
09FEB88 11:06 
09FEB88 11:16 
09FEB88 11:26 
09FEB88 11:36 
09FEB88 11:46 
09FEB88 11: 56 
09FEB88 12:06 
09FEB88 12:16 
09FEB88 12:26 
09FEB88 12:36 
09FEB88 12:46 
09FEB88 12:56 
09FEB88 13:06 
09FEB88 13:16 
09FEBB8 13:26 

a a 
SPRY DRY SPRY DRY LIME SLRY DILUTION TOT SLRY 

IN TEMP OUT TEMP CONC WATER FLOW 
DES F DES F PERCENT SPM GPM 

TR2040 TIC2551 HC2378 FIC2580 FIC2552 
428 255 70.0 11.0 37.5 
428 255 70.0 11.5 38.3 
427 254 70.0 11.3 36.5 
428 255 68.2 13.2 38.0 
429 
433 
434 
433 
430 
430 
430 
427 
431 
432 
433 
433 
432 
431 
428 
429 
431 
432 
431 
435 
439 
446 
441 
435 
431 
431 

255 
255 
256 
253 
255 
255 
255 
254 
257 
254 
255 
255 
255 
255 
253 
255 
255 
256 
254 
256 
257 
257 
252 
251 
257 
254 

70.0 
70.0 
70.0 
70.0 
70.0 
66.2 
70.0 
70.0 
69.9 
69.9 
69.9 
66.5 
61.3 
53.4 
46.1 
44.7 
53.5 
62.0 
48.7 
53.8 
60.5 
53.1 
34.3 
44.8 
50.3 
64.1 

11.7 38.1 
11.5 38.9 
12.5 41.6 
11.4 39.6 
11.1 38.6 
12.9 38.1 
12.9 38.6 
11.2 36.3 
12.0 39.1 
11.8 40.5 
12.0 39.0 
11.0 39.0 
14.0 39.4 
11.8 39.1 
10.3 37.3 
19.7 36.1 
17.3 36.6 
15.0 37.9 
18.4 37.5 
18.2 38.1 
16.8 41.5 
21.3 45.8 
26.9 45.3 
21.0 36.0 
18.5 39.1 
13.9 36.8 

a 
IN S02 

CONC 
PPM 

AI2378 
500.1 
351.7 
258.4 
259.7 
377.3 
443.6 
353.0 
255.9 
244.8 
238.8 
258.7 
275.8 
279.8 
301.0 
293.2 
205.6 
168.2 
171.3 
158.7 
143.1 
153.7 
160.8 
139.4 
137.3 
141.5 
141.4 
139.5 
141.5 
185.6 
195.7 

a a 
IN S02 OUT S02 OUT S02 S02 
FACTOR CONC FACTOR REMOVAL 
LB/MBTU PPM LB/MBTU ! 
AI2390 AIC2379A AI2386 AIC2378A 

1.675 143.0 0.728 68.8 
1.094 113.3 0.208 83.3 
0.807 48.4 0.164 82.5 
0.819 40.0 0.180 83.3 
1.238 
1. 586 
1.169 
0.858 
0.837 
0.773 
0.800 
0.860 
0.909 
0.971 
0.966 
0.704 
0.596 
0.543 
0. 510 
0.474 
0.551 
0.515 
0.475 
0.513 
0.511 
0.520 
0.451 
0.466 
0.569 
0.688 

69.5 0.404 
120.0 0. 567 
90.8 0.211 
43.8 0.162 
38.4 0.127 
40.1 0.140 
34.5 0.149 
40.0 0.173 
54.1 0.215 
47.1 0.218 
55.8 0.220 
40.5 0.145 
24.7 0.094 
21.3 0.074 
19.6 0.066 
20.2 0.096 
27.8 0.106 
29.3 0.086 
16.3 0.063 
21.8 0.095 
22.5 0.105 
19.4 0.054 
11.6 0.040 
22.6 0.128 
28.1 0.095 
35.1 0.167 

72.3 
72.3 
84.0 
83.5 
86.5 
84.8 
83.0 
83.3 
82.3 
82.3 
82.5 
83.8 
87.3 
88.5 
88.0 
85.5 
81.5 
85.5 
87.3 
84.0 
84.8 
89.8 
91.0 
75.0 
88.3 
81.0 

AVERAGE 432 255 61.4 14.4 38.8 235.8 0.782 44.6 0.176 83.2 

a 
PARAMETERS ENTERED MANUALLY FROM SCREEN PRINTOUTS. 
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co 
CONC 

PPM 
AI2379C 

35.1 
35.9 
36.6 
31.9 
37.0 
32.6 
35.9 
34.3 
35.5 
36.9 
42.4 
44.~· 

49.4 
46.0 
49.1 
53.9 
50.1 
52.0 
45.5 
56.6 
47.0 
46.0 
40.1 
44.6 
48.3 
54.9 
50.9 
44.6 
37.5 
36.0 

43.0 



RADIAN CORPORATION 10-Mar·..,J 

TEST 3C 
TEST DATE: 02/09/8 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 17 
a a a 

DATE TIME ESP OUT FLD 1 FLD 2 FLD 3 
TEMP SEC VOLT SEC VOLT SEC VOLT 
DEG F KV KV KV 

09FEBBB 08:36 254 57.8 56.3 ~·9.6 

09FEBB8 08:46 253 56.0 55.7 59.6 
09FEB8B 08:56 253 55.8 55.7 60.0 
09FEB88 09:06 253 56.6 54.0 59.9 
09FEB88 09:16 253 57.1 56.1 52.9 
09FEBB8 09:26 253 59.4 56.5 60.4 
09FEBB8 09:36 253 59.1 57.2 60.4 
09FEB8B 09:46 252 57.4 56.1 60.3 
09FEB88 09:56 252 57.4 54.6 60.6 
09FEB88 10:06 253 59.3 56.4 58.6 
09FEB88 10:16 253 59.9 56.3 60.9 
09FEB88 10:26 253 58.6 57.3 60.6 
09FEB88 10:36 254 54.8 56.2 60.6 
09FEB88 10:46 253 59.4 57.2 60.8 
09FEB88 10:56 254 62.8 57.1 61.0 
09FEB88 11:06 253 59.5 56.2 59.8 
09FEB88 11:16 252 56.0 57.2 60.8 
09FEB88 11:26 252 60.5 57.1 61.0 
09FEB88 11:36 252 58.9 57.4 60.8 
09FEB88 11:46 253 54.3 56.8 61.1 
09FEB88 11:56 253 54.5 58.3 41.2 
09FEB88 12:06 254 60.1 57.7 60.6 
09FEB88 12:16 252 50.0 58.7 60.1 
09FEB88 12:26 254 51.4 57.4 57.5 
09FEB88 12:36 254 53.9 54.7 60.9 
09FEBB8 12:46 255 58.5 56.3 59.9 
09FEB88 12:56 252 52.3 55.9 60.5 
09FEB88 13:06 253 58.6 57.2 60.7 
09FEB88 13:16 254 56.6 56.5 60.3 
09FEBB8 13:26 254 58.0 53.2 51.7 

AVERAGE 253 57.1 56.4 59.1 

a 
PARAMETERS ENTERED MANUALLY FROM SCREEN PRINTOUTS. 
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RADIAN CORPORATION 10 

TEST 3C 
TEST DATE: 02/09/BB 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 ESP OPERATING DATA 

DATE TIME PRIMARY VOLTAGE PRIMARY CURRENT SECONDARY VOLTAGE SECONDARY CURRENT SPARK RATE 
VOLTS AC AI1PS AC KVOLTS DC AMPS DC SPARKS/MIN X10 

FIELD FIELD FIELD FIELD FIELD 
2 3 1 2 3 1 2 3 1 2 

., 
1 'l 3 .j L 

09FEBBB 08:30 330 340 370 109 175 170 49 45 49 0.66 1.07 1.06 0 0 (I 

09FEBB8 09:00 320 320 380 119 1S8 170 44 44 so 0.52 0.95 1.08 0 0 0 
09FEBB8 09:30 340 330 370 104 158 165 so 46 50 0.47 0.97 1.05 1 0 0 
09FEB88 10:00 3SO 340 380 120 174 170 49 46 50 0.68 LOS 1.07 0 0 0 
09FEB88 10:30 310 350 380 91 173 169 50 47 so 0.53 1.03 1.05 1 0 0 
09FEB88 11:00 330 340 360 93 158 156 48 46 46 0.42 0.91 0.87 1 0 0 
09FEB88 11:30 310 330 380 87 155 167 50 46 so 0.60 0.93 1.04 0 0 0 
09FEB88 12:00 330 340 360 87 155 157 49 47 49 0.54 0.93 0.98 1 0 0 
09FEB8B 12:30 330 350 360 93 166 150 50 48 47 0.47 1.01 0.91 1 0 0 
09FEB88 13:00 340 340 370 105 155 168 48 46 50 0.51 0.93 1.07 1 0 0 
09FEBB8 13:30 330 350 360 78 161 160 48 48 50 0.50 0.99 1.03 1 0 0 

AVERAGE 329 339 370 99 163 164 49 46 49 0.54 0.98 !.02 1 0 0 
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RADIAN CORPORATION 

TEST 4C 
TEST DATE: 02/09/88 

PROCESS DATA SU""ARY 
WHEELABRATOR "ILLBURY, INC. 
"ILLBURY RESOURCE RECOVERY FACILITY 
"ILLBURY "ASSACHUSETTS 

UNIT 2 TREND LOG 14 

DATE 

09FEBB8 
09FEB8B 
09FEB88 
09FEBBB 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB8B 
09FEBB8 
09FEBB8 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB8B 
09FEBBB 
09FEB88 
09FEB88 
09FEB8B 
09FEB8B 
09FEBB8 
09FEB88 
09FEB88 
09FEB8B 
09FEBBB 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEBB8 
09FEB88 
09FEB88 
09FEB88 

TI"E 

13:35 
13:45 
13:55 
14:05 
14:15 
14:25 
14:35 
14:45 
14:55 
15:05 
15:15 
15:25 
15:35 
15:45 
15:55 
16:05 
16:15 
16:25 
16:35 
16:45 
16:55 
17:05 
17:15 
17:25 
17:35 
17:45 
17:55 
18:05 
18:15 
18:25 
18:35 
18:45 
18:55 
19:05 
19:15 
19:25 
19:35 
19:45 
19:55 
20:05 

AVERAGE 

STI1 
FLDII 

KLB/HR 
FI2002B 

185.5 
188.5 
188.0 
188.5 
185.0 
188.5 
192.5 
191.0 
185.0 
185.5 
184.5 
190.0 
186.0 
192.5 
187.5 
187.5 
185.5 
185.0 
183.5 
191.5 
192.5 
186.0 
185.0 
184.5 
184.5 
187.0 
185.0 
194.0 
191.5 
190.0 
185.0 
187.5 
187.5 
190.0 
187.0 
189.5 
186.0 
189.0 
183.0 
187.0 

187.6 

a 
SHTR ST" EVG STI1 

TEI'IP PRESS 
DES F PSIS 

TI4062 PIC0106B 
822 857 
822 858 
822 857 
824 858 
818 856 
828 859 
828 860 
824 857 
822 857 
828 857 
824 857 
826 ass 
822 857 
828 859 
824 858 
824 857 
820 857 
822 857 
824 857 
828 858 
824 859 
820 857 
824 857 
822 856 
822 857 
822 857 
820 857 
834 865 
830 860 
830 ass 
826 857 
828 858 
824 858 
822 858 
826 857 
828 859 
826 857 
830 857 
824 856 
826 859 

825 ass 

a a 
BL MST GRT 11ST NAT GAS TOTAL 
OUTPUT OUTPUT FLOII AIR FLOII 

4 Z KSCFH KACFI1 
FIC2034 HIC2034C FI2153 

42 39 0.0 89.88 
41 
43 
40 
47 
44 
34 
31 
39 
37 
41 
37 
41 
29 
34 
34 
38 
41 
45 
35 
31 
40 
44 
48 
51 
so 
50 
34 
33 
31 
39 
38 
39 
34 
35 
34 
38 
35 
44 
41 

38 
41 
37 
44 
41 
30 
29 
34 
34 
39 
33 
38 
26 
32 
31 
35 
38 
42 
32 
28 
36 
41 
45 
48 
46 
46 
30 
29 
27 
35 
34 
35 
31 
31 
30 
34 
31 
40 
38 

39 - 36 

E-22 

0.0 86.38 
0.0 87.88 
0.0 86.13 
0.0 91.00 
0.0 88.63 
0.0 80.00 
0.0 78.88 
0.0 79.88 
0.0 82.25 
0.0 85.13 
0.0 83.75 
0.0 86.00 
0.0 77.63 
0.0 80.75 
0.0 81.38 
0.0 82.25 
0.0 85.63 
o.o aa.so 
0.0 82.25 
0.0 79.38 
0.0 83.75 
0.0 88.13 
0.0 91.25 
o.o 92.50 
0.0 91.88 
0.0 92.63 
0.0 81.13 
0.0 81.75 
0.0 78.38 
0.0 82.13 
0.0 83.38 
0.0 83.75 
0.0 81.75 
0.0 81.25 
0.0 81.63 
0.0 83.38 
0.0 79.75 
0.0 87.50 
0.0 86.38 

0.0 84.39 

a 
UNDERGRATE 

MR 
TEMP 

DES F 
TI2024 

147 
148 
148 
150 
149 
148 
152 
153 
154 
153 
151 
149 
150 
151 
153 
152 
152 
149 
149 
148 
150 
150 
147 
145 
144 
141 
144 
147 
150 
152 
151 
149 
148 
148 
149 
149 
150 
149 
148 
146 

PR" AIR 
PRESS 

IN H20 
PIC2028 

12.41 
11.81 
11.91 
11.72 
12.75 
11.81 
12.25 
11.88 
11.38 
12.53 
12.00 
11.88 
12.50 
11.53 
12.59 
12.81 
12.06 
12.03 
12.50 
11.72 
13.38 
11.97 
12.13 
11.75 
11.69 
11.38 
11.91 
13.34 
12.41 
12.78 
12.34 
12.34 
12.38 
11.75 
11.63 
12.13 
12.59 
10.28 
11.53 
12.75 

SEC AIR OXYGEN 
PRESS 

IN H20 ! 
PIC2026 AIC2064 

25.63 12.31 
26.19 12.81 
26.06 12.50 
25.56 12.50 
25.75 12.72 
25.88 12.41 
25.94 12.84 
25.94 12.34 
26.56 12.91 
26.00 12.09 
26.00 12.25 
25.06 11.50 
26.19 12.44 
26.06 11.41 
25.69 12.19 
25.69 11.34 
26.25 12.63 
25.25 12.03 
25.63 13.03 
26.19 12.28 
26.38 12.66 
25.81 12.78 
26.00 13.13 
25.69 13.19 
26.00 13.31 
25.75 12.97 
25.94 13.75 
26.13 11.28 
26.19 10.75 
26.31 11.56 
25.88 12.38 
26.31 11.53 
25.56 11.91 
25.69 11.34 
26.38 12.03 
25.56 11.31 
26.31 12.09 
25.63 19.69 
26.00 20.13 
26.50 13.47 

149 12.11 25.94 12.69 
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RADIAN CORPORATION 

TEST 4C 
TEST DATE: 02/09/BB 

PROCESS DATA SUM~ARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 14 

DATE 

a 

TIME STM 
FLOW 

KLB/HR 

SHTR STM 
TEMP 
DES F 

a 
EIJ6 ST!'I 

PRESS 
PSIS 

a 
BL !'1ST 
OUTPUT 

4 

PARAMETERS ENTERED MANUALLY FROM SCREEN PRINTOUTS. 

a 
6RT !'1ST NAT GAS TOTAL 
OUTPUT FLOW AIR FLOW 

7. KSCFH KACF!'I 

E-23 

a 
UNDERSRATE 

AIR PR!'I AIR 
TEMP PRESS 

DES F IN H20 

SEC AIR OXYGEN 
PRESS 

IN H20 y 
:. 

1( 



RADIAN CORPORATION 

TEST 4C 
TEST DATE: 02/09/88 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 15 

DATE 

09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEBSB 
09FEB88 
09FEBBB 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEB88 
09FEBBB 
09FEB88 
09FEBB8 
09FEBBB 
09FEB88 
09FEBBB 
09FEBBB 
09FEBBB 
09FEBBB 
09FEBBB 
09FEB88 
09FEBBB 
09FEBBB 
09FEBBB 
09FEBBB 
09FEBBB 
09FEBBB 
09FEBBB 
09FEBBB 

TIME 

13:35 
13:45 
13:55 
14:05 
14:15 
14:25 
14:35 
14:45 
14:55 
15:05 
15:15 
15:25 
15:35 
15:45 
15:55 
16:05 
16:15 
16:25 
16:35 
16:45 
16:55 
17:05 
17:15 
17:25 
17:35 
17:45 
17:55 
18:05 
18:15 
18:25 
18:35 
18:45 
18:55 
19:05 
19:15 
19:25 
19:35 
19:45 
19:55 
20:05 

AVERAGE 

FURNACE A TTPTR 
DRAFT WTR FLOW 

IN H20 KLB/HR 
PIC2025 FI2011 

0.14 8.2 
-0.12 8.5 
-0.13 7.6 
-0.26 7.5 
-0.08 b. 9 
-0.13 7. 9 
-o.o4 a. 1 
-0.25 8.4 
-0.15 a.o 
-0.27 8.5 
-0.31 7.8 
-0.22 B. 7 
-0.20 a.o 
-0.37 9.7 
-0.09 8.1 
-0.26 8.2 
-o.oa 1 .a 
-o.o1 a.o 
-0.19 7.0 
-0.09 8.6 
-0.10 8.3 
-0.06 7.4 
-0.03 7.0 
-0.41 6.5 
-0.27 6.2 
0.18 6.0 

-0.38 5. 9 
0.07 8.0 

-0.02 7.8 
0. 04 8.3 

-0.33 7.6 
-0.32 8.0 
-0.32 8.1 
-0.41 8.4 
0.06 8.1 

-0.33 8.2 
-0.33 7.5 
-0.59 8.3 
-0.50 6.2 
-0.11 7.3 

-0.18 7.8 

ST" TO 
ATM 

KLB/HR 
FI2317 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

BL FDWR 
TEMP 
DES F 

TI2010 
487 
493 
494 
495 
494 
497 
498 
493 
488 
488 
486 
488 
488 
488 
484 
482 
481 
484 
486 
491 
490 
486 
489 
493 
495 
498 
495 
492 
484 
482 
480 
484 
486 
487 
485 
486 
486 
487 
488 
491 

BL FDWR 
FLOW 

KLB/HR 
FI2001 

157.0 
161.0 
164.0 
164.0 
161.5 
163.5 
165.5 
167.0 
165.0 
164.0 
160.0 
164.0 
162.0 
165.0 
164.0 
163.5 
162.0 
162.0 
159.5 
162.0 
167.5 
161.5 
159.0 
160.0 
163.5 
160.0 
167.5 
170.0 
168.5 
166.0 
164.0 
159.5 
164.0 
162.5 
162.0 
164.5 
163.0 
164.0 
162.0 
162.0 

489 - 163.2 

E-24 

FURNACE SPHTR SPHTR ECON OUT 
TEMP OUT TEMP OUT PRESS TEMP 
DEG F DES F IN H20 DES F 

TR2021 TI2021A PI2020 TI2038A 
956 956 -0.65 690 
968 968 -0.95 692 
966 966 -0.72 690 
958 958 -1.08 690 
9~ 9~ ~.~ ~2 

956 
962 
972 
972 
962 
958 
970 
966 
978 
968 
970 
976 
974 
964 
974 
982 
982 
970 
962 
960 
964 
974 
988 
988 
986 
982 
982 
986 

1004 
986 
984 
976 
978 
960 
964 

956 -0.80 
962 -0.55 
972 -0.91 
972 -0.78 
962 -0.94 
958 -0.99 
970 -0.92 
966 -0.69 
978 -0.76 
968 -0.75 
970 -1.00 
976 -0.71 
974 -0.77 
964 -0.72 
974 -0.79 
982 -0.90 
982 -0. 7b 
970 -0.64 
962 -1.07 
960 -0.97 
964 -0.39 
974 -1.07 
988 -0.77 
988 -0.67 
986 -0.58 
982 -1.00 
982 -0.94 
986 -1.04 

1004 -1.09 
986 -0.66 
984 -1.22 
976 -0.94 
978 -1.07 
960 -0.93 
964 -0.71 

694 
692 
692 
686 
688 
684 
692 
688 
690 
682 
682 
680 
684 
686 
694 
690 
686 
692 
692 
694 
696 
690 
694 
694 
688 
684 
692 
692 
690 
688 
692 
688 
690 
688 
696 

a 
SDA IN PREC OUT 

PRESS PRESS 
IN H20 IN H20 
PI2039 PI2375 

-2.02 -3.90 
-2.28 -4.03 
-2.01 -3.98 
-2.03 -4.03 
-2.31 -4.02 
-2.47 -4.20 
-2.26 -3.58 
-2.06 -3.81 
-2.10 -3.45 
-2.19 -3.89 
-2.37 -3.76 
-2.08 -3.66 
-2.08 -3.68 
-1.81 -3.29 
-2.05 -3.40 
-1.97 -3.73 
-1.79 -3.29 
-2.03 -3.63 
-2.03 -3.94 
-2.10 -3.51 
-2.04 -3.46 
-1.91 -3.62 
-2.26 -3.75 
-2.10 -4.52 
-2.37 -4.17 
-2.32 -3.61 
-2.31 -4.36 
-1.88 -3.42 
-2.16 -3.46 
-2.07 -2.90 
-1.79 -3.63 
-1.88 -3.72 
-1.88 -3.86 
-2.03 -3.83 
-1.81 -3.28 
-1.92 -3.98 
-2.20 -3.87 
-2.01 -3.69 
-2.23 -3.98 
-2.22 -3.77 

972 972 -0.84 690 -2.09 -3.74 

10-l'lar· ~J 



RADIAN CORPORATION 

TEST 4C 
TEST DATE: 02/09/88 

PROCESS DATA SU""ARY 
WHEELABRATOR "ILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
"ILLBURY ~ASSACHUSETTS 

UNIT 2 TREND LOS 1~· 

DATE TI"E FURNACE ATTPTR ST" TO 
DRAFT WTR FLOW AT" 

IN H20 KLB/HR KLB/HR 
a 

BL FDWR BL FDWR FURNACE SPHTR SPHTR ECON OUT 
TEMP FLOW TEMP OUT TEMP OUT PRESS TEMP 
DES F KLB/HR DES F DES F IN H20 DES F 

THIS PARAMETER WAS ENTERED "ANUALLY FROM SCREEN PRINTOUTS. 

E-25 

10-"ar-88 

a 
SDA IN PREC OUT 

PRESS PRESS 
IN H20 IN H20 



RADIAN CORPORATION 1-1'1 --

TEST 4C 
TEST DATE: 02/09/88 

PROCESS DATA SUI'II'IARY 
WHEELABRATOR MILLBURY, INC. 
I'IILLBUR'I RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 16 
a a a a a 

DATE TII'IE SPRY DRY SPRY DRY Lli'IE SLRY DILUTION TOT SLRY IN 502 IN 502 OUT S02 OUT S02 502 co 
IN TEI'IP OUT TEI'IP CONC WATER FLOII CONC FACTOR CONC FACTOR REI'IOVAL CONC 

DES F DES F PERCENT GPI'I GPI'I PPI'I LB/I'IBTU PPI'I LB/I'IBTU 4 PPI'I 
TR2040 TIC2551 HC2378 FIC25BO FIC2552 AI2378 AI2390 AIC2379A AI2386 AIC2378A AI2379C 

09FEB88 13:36 439 259 34.1 29.3 42.0 151.6 0.526 31.4 0.108 82.3 50.1 
09FEB88 13:46 440 253 40.4 24.5 42.6 164.7 0.568 31.8 0.190 72.8 36.9 
09FEB88 13:56 442 255 48.8 22.5 41.4 142.6 0.507 36.9 0.141 75.3 34.9 
09FEB88 14:06 441 255 37.6 26.8 43.9 120.2 0.430 23.3 0.096 80.8 35.3 
09FEB88 14:16 442 254 34.0 27.3 41.4 114.5 0.412 26.5 0.129 72.5 41.5 
09FEB88 14:26 445 257 29.8 33.1 44.3 120.2 0.430 27.5 0.117 76.5 38.9 
09FEB88 14:36 441 252 34.4 26.3 42.5 128.6 0.471 32.8 0.123 79.0 29.0 
09FEB88 14:46 440 255 46.6 22.2 40.0 128.8 0.461 38.0 0.116 76.8 29.8 
09FEB88 14:56 435 253 39.5 23.6 39.4 120.2 0.431 25.0 0.122 78.3 23.4 
09FEB88 15:06 435 256 54.6 18.5 38.4 165.6 0.576 38.9 0.130 79.8 26.6 
09FEB88 15:16 434 254 65.4 14.1 39.0 173.8 0.600 36.0 0.172 76.5 28.1 
09FEB88 15:26 437 257 68.3 13.1 39.8 197.7 0.694 36.6 0.118 85.3 25.8 
09FEB88 15:36 436 253 70.0 11.8 39.8 182.6 0.653 31.7 0.175 76.8 21.8 
09FEB88 15:46 434 256 68.4 13.8 41.0 204.1 0.686 43.1 0.124 84.5 24.1 
09FEB88 15:56 433 252 70.0 10.8 37.1 185.2 0.612 32.4 0.151 79.8 23.3 
09FEB88 16:06 432 256 60.4 14.8 38.1 161.5 0.578 34.5 0.113 80.3 21.8 
09FEB88 16:16 432 254 70.0 10.8 36.6 !91.2 0.675 40.8 0.206 75.0 21.9 
09FEB88 16:26 435 257 70.0 12.0 38.9 320.9 1.149 75.3 0.442 68.3 24.2 
09FEB88 16:36 437 255 70.0 11.3 40.3 288.2 1.082 87.3 0.344 73.3 22.8 
09FEB88 16:46 439 257 66.5 15.0 42.6 175.2 0.623 43.4 0.103 87.3 25.8 
09FEB88 16:56 436 253 52.5 18.7 41.3 162.1 0.555 20.8 0.078 89.5 20.1 
09FEB88 17:06 437 254 53.1 18.0 37.9 159.5 0.587 28.2 0.175 74.5 18.7 
09FEB88 17:16 441 257 68.6 15.5 41.1 177 .o 0.637 40.1 0.195 76.5 19.7 
09FEB88 17:26 444 256 70.0 14.3 44.3 231.2 0.875 49.4 0.240 77.8 20.3 
09FEB88 17:36 445 253 70.0 13.1 43.9 297.7 1.114 70.0 0.413 70.5 23.8 
09FEB88 17:46 449 258 70.0 15.6 44.4 474.4 1.683 153.(1 0.794 59.6 25.6 
09FEB88 17:56 444 255 70.0 15.8 47.3 389.3 1.519 136.0 0.347 81.8 19.6 
09FEB88 18:06 439 243 51.2 16.5 45.5 240.9 0.811 51.1: 0.139 83.8 18.7 
09FEB88 18:16 437 249 70.0 11.3 37.1 339.0 1.067 77.0 0.449 65.0 21.8 
09FEB88 18:26 432 251 70.0 11.5 41.6 304.2 1.010 70.3 0.180 85.3 18.8 
09FEB88 18:36 432 249 b9.9 12.6 37.1 251.1 0.856 56.0 0.248 76.5 19.6 
09FEB88 18:46 437 253 69.8 12.8 41.8 230.6 0.758 49.0 0.130 85.8 28.1 
09FEB88 18:56 436 249 62.5 15.3 41.0 179.6 0.599 26.0 0.120 81.8 22.7 
09FEB8B 19:06 436 251 66.6 13.8 40.5 219.4 0.766 32.0 0.123 84.8 23.0 
09FEB88 19:16 434 248 69.9 12.0 40.0 234.8 0.732 31.9 0.155 85.8 22.6 
09FEB88 19:26 436 252 59.4 16.8 40.5 171.8 0.590 28.5 0.064 90.0 23.4 

09FEB88 19:36 435 248 64.8 14.2 40.9 204.4 0.667 29.7 0.189 77.8 25.8 
09FEB88 19:46 436 252 70.0 12.3 40.8 286.9 0.915 53.0 0.229 80.5 25.8 

09FEB88 19:56 438 250 70.0 11.7 41.4 355.0 1.262 77.5 0.395 76.8 27.8 

09FEB88 20:06 441 252 68.5 14.3 44.5 249.1 0.888 51.1 0.181 83.8 26.6 

AVERAGE 438 253 59.9 16.7 41.0 214.9 0.751 47.6 0.202 78.7 26.0 

R-26 



RADIAN CORPORATION 

TEST 4C 
TEST DATE: 02/09/98 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

urm 2 TREND LOG 16 
a a 

DATE TIME SPRY DRY SPRY DRY LIME SLRY DILUTION TOT SLRY 
IN TEMP OUT TEMP CONC WATER FLOW 

DEG F DEB F PERCENT GPM GPM 
a 

PARAMETERS ENTERED MNUALLY FROM SCREEN PRINTOUTS. 

E-27 

10· 

a a a 
IN S02 IN S02 OUT S02 OUT S02 502 co 

CONC FACTOR CONC FACTOR REMOVAL CONC 
PPM LB/MBTU PPM LB/MBTU % PPM 



RADIAN CORPORATION 10-"ar 3 

TEST 4C 
TEST DATE: 02/09/88 

PROCESS DATA SU"MARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 17 
a a a 

DATE TI"E ESP OUT FLD 1 FLD 2 FLD 3 
TE"P SEC VOLT SEC VOLT SEC VOLT 
DES F KV KV KV 

TI237b EI2586 EI2587 EI2588 
09FEB89 13:36 256 56.8 55.7 61.1 
09FEB88 13:46 253 53.0 57.1 60.5 
09FEB88 13:56 254 48.8 57.1 60.0 
09FEB88 14:06 253 51.5 56.3 61.0 
09FEB88 14:16 254 55.5 53.8 58.2 
09FEB88 14:26 254 54.9 55.7 61.0 
09FEB88 14:36 252 56.1 51.7 52.8 
09FEB89 14:46 254 61.3 57.6 61.0 
09FEB88 14:56 252 61.4 58.5 60.6 
09FEB88 15:06 254 58.9 57.1 60.9 
09FEB88 15:16 253 55.8 56.6 59.5 
09FEB88 15:26 254 60.8 54.8 61.0 
09FEB88 15:36 253 57.9 55.9 60.4 
09FEB88 15:46 254 62.1 54.4 61.2 
09FEB98 15:56 253 60.3 57.8 60.8 
09FEB88 16:06 253 61.3 57.2 60.5 
09FEB88 16:16 253 56.0 58.5 60.9 
09FEB88 16:26 255 56.6 56.8 60.0 
09FEB88 16:36 254 59.5 57.2 60.1 
09FEB88 16:46 255 59.1 62.4 55.6 
09FEB88 16:56 253 60.5 53.6 60.9 
09FEB88 17:06 253 58.0 56.3 59.9 
09FEB88 17:16 255 60.9 56.7 59.2 
09FEB88 17:26 254 59.8 55.5 61.3 
09FEB88 17:36 253 58.9 57.1 58.7 
09FEB88 17:46 256 55.9 55.7 60.6 
09FEB88 17:56 253 60.4 55.3 60.3 
09FEB88 18:06 246 58.1 52.1 59.9 
09FEB88 18:16 250 58.6 49.5 59.3 
09FEB88 18:26 249 55.8 52.6 60.1 
09FEB88 18:36 249 59.0 54.2 59.2 
09FEB89 18:46 251 54.5 51.4 59.9 
09FEB88 18:56 250 54.5 52.7 59.5 
09FEB88 19:06 250 51.9 50.8 59.8 
09FEB88 19:16 248 54.9 50.9 60.0 
09FEB88 19:26 250 54.3 52.4 59.0 
09FEBBB 19:36 247 58.4 52.7 59.1 
09FEB88 19:46 250 57.9 53.3 59.1 
09FEBBB 19:56 250 59.8 ~·4.0 58.0 
09FEB88 20:06 250 59.8 52.1 60.1 

AVERAGE 252 57.5 55.0 59.8 
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RADIAN CORPORATION 

TEST 4C 
TEST DATE: 02/09/88 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOS 17 

DATE 

a 

TIME ESP OUT 
TEMP 
DES F 

a a a 
FLD 1 FLD 2 FLD 3 

SEC VOLT SEC VOLT SEC VOLT 
KV KV KV 

PARA"ETERS ENTERED "ANUALLY FRO" SCREEN PRINTOUTS. 

10-Mar-88 
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RADIAN CORPORATION .0-1 

TEST 4C 
TEST DATE: 02/09/88 

PROCESS DATA SU~MARY 
WHEELABRATOR MILLBURY, INC. 
~ILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 ESP OPERATING DATA 

DATE TIME PRIMARY VOLTAGE PRIIIARY CURRENT SECONDARY VOLTAGE SECONDARY CURRENT SPARK RATE 
VOLTS AC AMPS AC KVOLTS DC AMPS DC SPARKS/IIIN X10 

FIELD FIELD FIELD FIELD FIELD 
2 3 1 ') 3 1 2 3 1 2 3 1 2 3 .. 

09FEB88 15:10 350 340 380 106 175 170 40 45 50 0.47 0.98 1.04 1 0 0 
09FEB88 15:30 300 340 380 79 177 166 48 45 50 0.51 1.08 1.01 1 0 0 
09FEB88 16:00 350 340 380 94 171 137 52 46 50 0.47 1.05 1.02 1 0 0 
09FEB88 16:30 340 340 370 82 172 162 51 45 50 0.63 0.98 1.02 0 0 0 
09FEB88 17:00 320 340 380 94 177 162 51 46 50 0.57 1.07 1.03 1 0 0 
09FEB88 17:30 290 340 360 7C ,J 151 161 50 47 44 0.40 1.02 0.92 1 0 0 
09FEB88 18:00 340 310 380 120 176 174 48 43 50 0.63 1.07 1.07 0 0 0 
09FEB88 18:30 310 310 370 106 180 175 48 43 49 0.66 1.04 1.09 0 0 0 
09FEB88 19:00 300 310 370 119 172 175 32 42 49 0.47 1.04 1.09 0 0 0 
09FEB88 19:30 310 310 370 119 176 175 46 42 49 0.67 1.02 1.09 0 0 0 
09FEB88 20:00 330 310 370 115 173 172 49 44 49 0.65 1.08 1.08 0 0 0 

AVERAGE 322 326 374 101 173 166 47 44 49 0.56 1.04 1.04 0 0 0 

E-30 



RADIAN CORPORATION 

TEST 5C 
TEST DATE: 02/10/88 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOS 14 

a 

DATE TIME STI1 
FLOW 

KLB/HR 
FI2002B 

10FEB88 08:07 188.5 
10FEB88 08:17 192.0 
10FEB88 08:27 185.5 
10FEB88 08:37 187.0 
10FEB88 08:47 188.5 
10FEB88 08:57 189.0 
10FEB88 09:07 182.0 
10FEB88 09:17 187.S 
10FEB88 09:27 184.0 
10FEB88 09:37 188.5 
10FEB88 09:47 186.0 
10FEB88 09:57 189.0 
10FEB88 10:07 187.0 
10FEB88 10:17 18B.S 
10FEB88 10:27 188.0 
10FEB88 10:37 189.0 
10FEB88 10:47 188.S 
10FEB88 10:57 188.0 
10FEB88 11:07 189.5 
10FEB88 11:17 189.S 
10FEB88 11:27 187.5 
10FEB88 11:37 187.5 
10FEB88 11:47 187.0 
10FEB88 11:57 187.S 
10FEB88 12:07 186.S 
10FEB88 12:17 186.0 
10FEB88 12:27 191.S 
10FEB88 12:37 188.S 
10FEB88 12:47 186.0 
10FEB88 12:57 188.S 
10FEB88 13:07 186.0 
10FEB88 13:17 187.0 
10FEB88 13:27 182.5 
10FEB88 13:37 189.0 
10FEB88 13:47 194.0 
10FEB88 13:S7 186.5 

AIJERAGE 187.7 

a a a 
SHTR STM EIJS STM BL !1ST SRT !1ST 

TEMP PRESS OUTPUT OUTPUT 
DES F PSIS ! ! 

TI4062 PIC0106B FIC2034 HIC2034C 
824 858 36 32 
826 860 29 2S 
824 8S8 36 32 
822 857 34 31 
82b 8S7 32 28 
828 858 31 27 
824 
824 
822 
826 
822 
822 
820 
822 
826 
824 
824 
824 
830 
824 
824 
824 
824 
826 
822 
820 
826 
826 
820 
824 
824 
824 
822 
824 
826 
824 

824 

857 
8S7 
8S7 
8S7 
857 
8S8 
857 
8S9 
857 
8S7 
8S8 
858 
858 
860 
857 
858 
857 
8S7 
857 
ass 
856 
8S7 
8S8 
8S7 
857 
8S8 
8S7 
8~·8 

860 
857 

858 

40 
34 
37 
33 
38 
35 
40 
35 
33 
30 
32 
31 
29 
30 
31 
32 
35 
32 
35 
38 
28 
31 
35 
.,..,. 
..).J 

36 
40 
47 
39 
35 
40 

"!C 
..).J 

36 
30 
33 
29 
34 
31 .,., 
.J/ 

31 
29 
26 
28 
27 
25 
26 
27 
28 
31 
28 
31 
34 
24 
26 
33 
28 
33 
36 
42 
35 
31 
36 

31 

PARAMETERS ENTERED MANUALLY FROI1 SCREEN PRINTOUTS. 

F.-31 

NAT BAS TOTAL 
FLOII AIR FLOII 
KSCFH KACFM 

FI2153 
0.0 80.625 
0.0 77.625 
0.0 81.125 
0.0 81.375 
0.0 78.5 
0.0 78.375 
0.0 83.375 
o.o 79 
0.0 83.375 
0.0 80.25 
0.0 82.375 
0.0 82.5 
0.0 86.5 
o.o 83 
0.0 78.375 
0.0 78.25 
0.0 78.5 
0.0 78.125 
0.0 77.125 
0.0 78.375 
0.0 77.25 
0.0 78 
o.o 80.875 
0.0 79 
0.0 81.625 
0.0 82.37S 
0.0 78.25 
0.0 77.625 
0.0 82.25 
0.0 78.75 
o.o 82.625 
0.0 85.375 
0.0 89.5 
o.o 84.875 
0.0 83.375 
0.0 84.875 

0.0 80.92708 

a 
UNDERGRATE 

AIR 
TEI'IP 

DES F 
TI2024 

151 
152 
153 
152 
153 
153 
154 
153 
152 
153 
152 
150 
149 
151 
154 
155 
155 
155 
156 
156 
156 
156 
155 
155 
154 
153 
153 
155 
155 
154 
154 
152 
152 
151 
150 
153 

jC"7 
... ...r ... \ 

PRM AIR 
PRESS 

lN H20 
PIC2028 

12.56 
10.69 
12.25 
12.47 
10.66 
13.19 
10.94 
11.09 
11.22 
11.56 
11.47 
12.00 
12.94 
12.41 
12.59 
12.31 
12.66 
13.16 
12.88 
12.63 
10.78 
12.19 
12.72 
11.50 
12.91 
11.38 
12.16 
13.66 
12.63 
11.72 
12.53 
12.28 
11.66 
12.22 
12.50 
11.72 

SEC AIR OXYGEN 
PRESS 

IN H20 ! 
PIC2026 AIC2064 

25.88 10.59 
26.06 9.91 
26.31 10.84 
26.06 11.03 
25.81 10.56 
26.38 10.25 
25.81 11.53 
26.25 9.94 
26.00 10.91 
26.00 9.66 
26.38 10.41 
25.81 10.47 
26.13 10.63 
26.19 9.94 
26.56 10.41 
25.88 9.78 
26.44 9.91 
26.31 10.34 
25.63 9. 91 
25.81 9.50 
25.94 10.72 
26.69 10.47 
26.13 10.56 
25.88 10.88 
2~·.94 11.19 
25.94 11.44 
25.88 10.63 
26.50 11.38 
26.38 11.69 
25.75 11.19 
25.75 11.75 
25.94 11.34 
2~..94 12.72 
26.69 12.34 
2~·.88 10.53 
26.63 12.06 

12.12 26.10 10.76 
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~ 1 RADIAN CORPORATION 1 ( 

~ I TEST 3C 
TEST DATE: 02/09/88 

~ I PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 

' 1 MILLBURY RESOURCE RECOVERY FACILITY 

"l 
MILLBURY MASSACHUSETTS 

UNIT 2 ESP OPERATING DATA 

"l 
DATE TIME PR H!ARY VOLT AGE PRIMARY CURRENT SECONDARY VOLTAGE SECONDARY CURRENT SPARK RATE "j 

VOLTS AC AHPS AC KVOLTS DC AMPS DC SPARKS/MIN X10 

"! FIELD FIELD FIELD FIELD FIELD 
2 3 1 2 3 1 2 3 1 2 3 1 2 3 

. j 09FEB88 08:30 330 340 370 109 175 170 49 45 49 0.66 1.07 1.06 0 0 0 
09FEB88 09:00 320 320 380 119 1S8 170 44 44 50 0.52 0.95 1.08 0 0 0 .. ! 
09FEBB8 09:30 340 330 370 104 158 165 50 46 50 0.47 0.97 1.05 0 0 l 

• .I 09FEB88 10:00 3SO 340 380 120 174 170 49 46 50 0.68 LOS 1.07 0 0 0 
09FEB88 10:30 310 350 380 91 173 169 50 47 so 0.53 1.03 1.05 1 0 0 

. r 09FEB88 11:00 330 340 360 93 1S8 156 48 46 46 0.42 0.91 0.87 1 0 0 
i 09FEB88 11:30 310 330 380 87 155 167 50 46 so 0.60 0.93 1.04 0 0 0 . ! 

09FEB88 12:00 330 340 360 87 155 1S7 49 47 49 0.54 0.93 0.98 0 0 

' J 
09FEB88 12:30 330 350 360 93 166 1SO 50 48 47 0.47 1.01 0.91 1 0 0 
09FEB88 13:00 340 340 370 105 1S5 168 48 46 50 O.S1 0.93 1.07 1 0 0 

. j 09FEB88 13:30 330 350 360 78 161 160 48 48 50 0.50 0.99 1.03 1 0 0 

. l AVERAGE 329 339 
I 

370 99 163 164 49 46 49 0.54 0.98 1.02 0 0 
I 

. 1 

. l 

. l 

. r 
i 

. I 

. l 

! 
. j 
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RADIAN CORPORATION l !0-

TEST 4C 
TEST DATE: 02/09/88 

PROCESS DATA SUMMARY -I 
NHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 

r MILLBURY MASSACHUSETTS l 
UNIT 2 TREND LOS 14 a 

a a a UNDERGRATE c 1 
DATE TIME STII SHTR STM EVS STM BL !1ST GRT liST NAT GAS TOTAL AIR PRII AIR SEC AIR OXYSEN I 

FLDII TEIIP PRESS OUTPUT OUTPUT FLDII AIR FLOII TEIIP PRESS PRESS 
KLB/HR DES F PSIS 1 1 KSCFH KACFII DES F IN H20 IN H20 4 ! 
Fl20028 TI4062 PIC01068 FIC2034 HIC2034C FI2153 TI2024 PIC202B PIC2026 AIC2064 I 

09FEB88 13:35 185.5 822 857 42 39 0.0 89.88 147 12.41 25.63 12.31 - ~ 

09FE888 13:45 188.5 822 858 41 38 0.0 86.38 148 11.81 26.19 12.81 
09FEB88 13:55 188.0 822 857 43 41 0.0 87.88 148 11.91 26.06 12.50 
09FEB88 14:05 188.5 824 858 40 37 0.0 86.13 150 11.72 25.56 12.50 i 
09FEB88 14:15 185.0 818 856 47 44 0.0 91.00 149 12.75 25.75 12.72 
09FEB88 14:25 188.5 828 859 44 41 0.0 88.63 148 11.81 25.88 12.41 r 
09FEB88 14:35 192.5 828 860 34 30 0.0 80.00 152 12.25 25.94 12.84 r 

- I 
09FEB88 14:45 191.0 824 857 31 29 0.0 78.88 153 11.88 25.94 12.34 
09FEB88 14:55 185.0 822 857 39 34 0.0 79.88 154 11.38 26.56 12.91 - r 
09FEB88 15:05 185.5 828 857 37 34 0.0 82.25 153 12.53 26.00 12.09 I 
09FEB88 15:15 184.5 824 857 41 39 0.0 85.13 151 12.00 26.00 12.25 - j 

09FEB88 15:25 190.0 826 858 37 33 0.0 83.75 149 11.88 25.06 11.50 
09FEB88 15:35 186.0 822 857 41 38 0.0 86.00 150 12.50 2,6.19 12.44 - r 

I 

09FEB88 15:45 192.5 828 859 29 26 0.0 77.63 151 11.53 26.06 11.41 
09FEB88 15:55 187.5 824 858 34 32 0.0 80.75 153 12.59 25.69 12.19 
09FEB88 16:05 187.5 824 857 34 31 0.0 81.38 152 12.81 25.69 11.34 
09FEB88 16:15 185.5 820 857 38 35 0.0 82.25 152 12.06 26.25 12.63 
09FEB88 16:25 185.0 822 857 41 38 0.0 85.63 149 12.03 25.25 12.03 
09FEB88 16:35 183.5 824 957 45 42 0.0 88.50 149 12.50 25.63 13.03 
09FEB88 16:45 191.5 828 858 35 32 82.25 148 11.72 26.19 12.28 

- 1 

0.0 
09FEB88 16:55 192.5 824 859 31 28 0.0 79.38 150 13.38 26.38 12.66 
09FEB88 17:05 186.0 820 857 40 36 0.0 83.75 150 11.97 25.81 12.78 
09FEB88 17:15 185.0 824 857 44 41 0.0 88.13 147 12.13 26.00 13.13 - r 

09FEB88 17:25 184.5 822 856 48 45 0.0 91.25 145 11.75 25.69 13.19 
09FEB88 17:35 184.5 822 857 51 48 0.0 92.50 144 11.69 26.00 13.31 
09FEB88 17:45 187.0 822 857 50 46 0.0 91.88 141 11.38 25.75 12.97 . 1 

09FEB88 17:55 185.0 820 857 50 46 0.0 92.63 144 11.91 25.94 13.75 l 
09FEB88 18:05 194.0 834 865 34 30 o.o 81.13 147 13.34 26.13 11.28 
09FEB88 18:15 191.5 830 860 33 29 0.0 81.75 150 12.41 26.19 10.75 
09FEB88 18:25 190.0 830 858 31 27 0.0 78.38 152 12.78 26.31 11.56 
09FEB88 18:35 185.0 826 857 39 35 0.0 82.13 151 12.34 25.88 12.38 
09FEB88 18:45 187.5 828 858 38 34 0.0 83.38 149 12.34 26.31 11.53 
09FEB88 18:55 187.5 824 858 39 35 0.0 83.75 148 12.38 25.56 11.91 - ' 

! 

09FEB8B 19:05 190.0 822 858 34 31 0.0 81.75 148 11.75 25.69 11.34 
09FEB88 19:15 187.0 826 857 35 31 0.0 81.25 149 11.63 26.38 12.03 
09FEB88 19:25 189.5 828 859 34 30 0.0 81.63 149 12.13 25.56 11.31 
09FEB88 19:35 186.0 826 857 38 34 0.0 83.38 150 12.59 26.31 12.09 
09FEB88 19:45 189.0 830 857 35 31 0.0 79.75 149 10.28 25.63 19.69 
09FEB88 19:55 183.0 824 856 44 40 0.0 87.50 148 11.53 26.00 20.13 
09FEB88 20:05 187.0 826 859 41 38 0.0 86.38 146 12.75 26.50 13.47 

AVERAGE 187.6 825 858 39 - 36 0.0 84.39 149 12.11 25.94 12.69 
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RADIAN CORPORATION 

TEST 4C 
TEST DATE: 02/09/BB 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 14 

a 

DATE TIME STM 
FLOW 

KLB/HR 

a a a 
SHTR STM EVG STM BL MST SRT MST NAT SAS TOTAl 

TEMP PRESS OUTPUT OUTPUT FLOW AIR FLOW 
DES F PSIS I 7. KSCFH KACFII 

PARAMETERS ENTERED MANUALLY FROM SCREEN PRINTOUTS • 

E-23 

a 
UNDERSRATE 

AIR PRK AIR 
TEMP PRESS 

DES F IN H20 

SEC AIR OXYGEN 
PRESS 

IN H20 7. 



RADIAl~ CORPORATION 10-Piar· w~ 
- 1 

TEST 4C l 
TEST DATE: 02/09/88 

I 
PROCESS DATA SUMPIARY I WHEELABRATOR MILLBURY~ INC. 
PIILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS ~ l 
UNIT 2 TREND LOG 15 

a ' 1 
DATE TillE FURNACE ATTPTR ST" TO BL FDWR BL FDWR FURNACE SPHTR SPHTR ECON OUT SDA IN PREC OUT I 

. J 
DRAFT WTR FLOW AT" TE"P FLOW TE"P OUT TEPIP OUT PRESS TEI'IP PRESS PRESS 

IN H20 KLB/HR KLB/HR DES F KLB/HR DEG F DES F IN H20 DES F IN H20 IN H20 
PIC2025 FI2011 FI2317 TI2010 FI2001 TR2021 TI2021A PI2020 TI2038A PI2039 PI2375 

-. I 
I 

09FEB88 13:35 0.14 8.2 0 487 157.0 956 956 -0.65 690 -2.02 -3.90 t 
09FEB88 13:45 -0.12 8.5 0 493 161.0 968 968 -0.95 692 -2.28 -4.03 
09FEB88 13:55 -0.13 7.6 0 494 164.0 966 966 -0.72 690 -2.01 -3.98 1 
09FEB88 14:05 -0.26 7.5 0 495 164.0 958 958 -1.08 b90 -2.03 -4.03 - j 
09FEB88 14:15 -0.08 b.9 0 494 1b1. 5 956 956 -0.68 692 -2.31 -4.02 
09FEB88 14:25 -0.13 7.9 0 497 1b3.5 956 956 -0.80 694 -2.47 -4.20 
09FEB88 14:35 -0.04 8.7 0 498 165.5 962 962 -0.55 692 -2.26 -3.58 
09FEB88 14:45 -0.25 8.4 0 493 167.0 972 972 -0.91 692 -2.06 -3.81 - l 

09FEB88 14:55 -0.15 8.0 0 488 165.0 972 972 -0.78 686 -2.10 -3.45 
09FEB88 15:05 -0.27 8.5 0 488 164.0 962 962 -0.94 688 -2.19 -3.89 

. l 

09FEB88 15:15 -0.31 7.8 0 486 160.0 958 958 -0.99 684 -2.37 -3.76 . j 

09FEB88 15:25 -0.22 8.7 0 488 164.0 970 970 -0.92 692 -2.08 -3.66 
09FEB88 15:35 -0.20 a.o 0 488 162.0 966 966 -0.69 688 -2.08 -3.68 - l 

09FEB88 15:45 -0.37 9.7 0 488 165.0 978 978 -0.76 690 -1.81 -3.29 r 

15:55 -0.09 0 484 164.0 968 -0.75 682 -2.05 -3040 
. j 

09FEB88 8.1 968 
09FEB88 16:05 -0.26 8.2 0 482 163.5 970 970 -1.00 682 -1.97 -3.73 
09FEB88 16:15 -0.08 7.8 0 481 162.0 97b 976 -0.71 680 -1.79 -3.29 
09FEB88 16:25 -0.01 8.0 0 484 162.0 974 974 -0.77 684 -2.03 -3.63 
09FEB88 16:35 -0.19 7.0 0 486 159.5 964 964 -0.72 686 -2.03 -3.94 
09FEB88 16:45 -0.09 8.6 0 491 162.0 974 974 -0.79 694 -2.10 -3.51 
09FEB88 16:55 -0.10 8.3 0 490 167.5 982 982 -0.90 690 -2.04 -3.46 I 

. i 

09FEB88 17:05 -0.06 7.4 0 486 161.5 982 982 -0.76 686 -1.91 -3.62 
09FEB88 17:15 -0.03 7.0 0 489 159.0 970 970 -0.64 692 -2.26 -3.75 - f 

09FEB88 17:25 -0-.41 6.5 0 493 160.0 962 962 -1.07 692 -2.10 -4.52 
09FEB88 17:35 -0.27 6.2 0 495 163.5 960 960 -0.97 694 -2.37 -4.17 . i 

09FEB8B 17:45 0.18 6.0 0 498 160.0 964 964 -0.39 696 -2.32 -3.61 
09FEB88 17:55 -0.38 5.9 0 495 167.5 974 974 -1.07 690 -2.31 -4.36 

. 1 

09FEBBB 18:05 0.07 8.0 0 492 170.0 988 988 -0.77 694 -1.88 -3.42 
09FEB88 18:15 -0.02 7.8 0 484 168.5 988 988 -0.67 694 -2.16 -3.46 
09FEB88 18:25 0.04 8.3 0 482 166.0 986 986 -0.58 688 -2.07 -2.90 
09FEB88 18:35 -0.33 7.6 0 480 164.0 982 982 -1.00 684 -1.79 -3.63 
09FEB88 18:45 -0.32 8.0 0 484 159.5 982 982 -0.94 692 -1.98 -3.72 
09FEB88 18:55 -0.32 8.1 0 486 164.0 986 986 -1.04 692 -1.88 -3.86 
09FEB88 19:05 -0.41 8.4 0 487 162.5 1004 1004 -1.09 690 -2.03 -3.93 
09FEB88 19:15 0.06 8.1 0 485 162.0 986 986 -0.66 688 -1.81 -3.28 
09FEB88 19:25 -0.33 8.2 0 48b 164.5 984 984 -1.22 692 -1.92 -3.99 
09FE888 19:35 -0.33 7.5 0 48b 163.0 976 976 -0.94 688 -2.20 -3.87 . ' 

09FEB88 19:45 -0.59 8.3 0 487 164.0 978 978 -1.07 690 -2.01 -3.69 
09FEB88 19:55 -0.50 6.2 0 488 lb2.0 960 960 -0.93 688 -2.23 -3.98 
09FEB88 20:05 -0.11 7.3 0 491 162.0 964 9b4 -0.71 696 -2.22 -3.77 

AVERAGE -0.18 7.8 0 489 - 163.2 972 972 -0.84 690 -2.09 -3.74 

- . 
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RADIAN CORPORATION 

TEST 4C 
TEST DATE: 02/09/88 

PROCESS DATA SUPIPIARY 
NHEELABRATOR PIILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
PIILLBURY PIASSACHUSETTS 

UNIT 2 TREND LOS 15 

DATE TIPIE FURNACE ATTPTR STPI TO 
DRAFT NTR FLOW ATK 

IN H20 KLB/HR KLB/HR 
a 

BL FDNR BL FDWR FURNACE SPHTR SPHTR ECDN OUT 
TEMP FLOW TEPIP OUT TEMP OUT PRESS TEMP 
DES F KLB/HR DES F DES F IN H20 DES F 

THIS PARAPIETER WAS ENTERED MANUALLY FROM SCREEN PRINTOUTS • 

E-25 

10-Kar-88 

a 
SDA IN PREC OUT 

PRESS PRESS 
IN H20 IN H20 



RADIAN CORPORATION I-

TEST 4C ~ ! TEST DATE: 02/09/88 

PROCESS DATA SUKKARY - r WHEELABRATOR KILLBURY, INC. 
lmLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 16 
" ! 

a a a a a 
DATE TI"E SPRY DRY SPRY DRY LI"E SLRY DILUTION TOT SLR'f IN S02 IN S02 OUT S02 OUT S02 S02 co 

IN TEKP OUT TEKP CONC WATER FLOII CONC FACTOR CONC FACTOR REKOVAL CONC 
DEG F DES F PERCENT GPK GP" PPK LB/"BTU pp" LB/"BTU % PPM 

TR2040 TIC2551 HC2378 FIC2580 FIC2552 AI2378 AI2390 AIC2379A AI2386 AIC2378A AI2379C 
09FEB88 13:36 439 259 34.1 29.3 42.0 151.6 0.526 31.4 0.108 82.3 50.1 

- I 

09FEB88 13:46 440 253 40.4 24.5 42.6 164.7 0.568 31.8 0.190 72.8 36.9 _l 

09FEB88 13:56 442 255 48.8 22.5 41.4 142.6 0.507 36.9 0.141 75.3 34.9 
09FEB88 14:06 441 255 37.6 26.8 43.9 120.2 0.430 23.3 0.096 80.8 35.3 I 09FEB88 14:16 442 254 34.0 27.3 41.4 114.5 0.412 26.5 0.129 72.5 41.5 -I 

09FEB88 14:26 445 257 29.8 33.1 44.3 120.2 0.430 27.5 0.117 76.5 38.9 
09FEB88 14:36 441 252 34.4 26.3 42.5 128.6 0.471 32.8 0.123 79.0 29.0 
09FEB88 14:46 440 255 46.6 22.2 40.0 128.8 0.461 38.0 0.116 76.8 29.8 
09FEB88 14:56 435 253 39.5 23.6 39.4 120.2 0.431 25.0 0.122 78.3 23.4 
09FEB88 15:06 435 256 54.6 18.5 38.4 165.6 0.576 38.9 0.130 79.8 26.6 
09FEB88 15:16 434 254 65.4 14.1 39.0 173.8 0.600 36.0 0.172 76.5 28.1 

- 1 
! 

09FEB88 15:26 437 257 68.3 13.1 39.8 197.7 0.694 36.6 0.118 85.3 25.8 i 
- ) 

09FEB88 15:36 436 253 70.0 11.8 39.8 182.6 0.653 31.7 0.175 76.8 21.8 
09FEB88 15:46 434 256 68.4 13.8 41.0 204.1 0.686 43.1 0.124 84.5 24.1 0 l 

! 
09FEB88 15:56 433 252 70.0 10.8 37.1 185.2 0.612 32.4 0.151 79.8 23.3 i 

0 ) 

09FEB88 16:06 432 256 60.4 14.8 38.1 161.5 0.578 34.5 0.113 80.3 21.8 
09FEB88 16:16 432 254 70.0 10.8 36.6 191.2 0.675 40.8 0.206 75.0 21.9 
09FEB88 16:26 435 257 70.0 12.0 38.9 320.9 1.149 75.3 0.442 68.3 24.2 
09FEB88 16:36 437 255 70.0 11.3 40.3 288.2 1.082 87.3 0.344 73.3 22.8 0 i 

09FEB88 16:46 439 257 66.5 15.0 42.6 175.2 0.623 43.4 0.103 87.3 25.8 
09FEB88 16:56 436 253 52.5 18.7 41.3 162.1 0.555 20.8 0.078 89.5 20.1 
09FEB88 17:06 437 254 53.1 18.0 37.9 159.5 0.587 28.2 0.175 74.5 18.7 " I 

09FEB88 17:16 441 257 68.6 15.5 41.1 177.0 0.637 40.1 0.195 76.5 19.7 
09FEB88 17:26 444 256 70.0 14.3 44.3 231.2 0.875 49.4 0.240 77.8 20.3 0 I 

09FEB88 17:36 445 253 70.0 13.1 43.9 297.7 1.114 70.0 0.413 70.5 23.8 I 
I 

09FEB88 17:46 449 258 70.0 15.6 44.4 474.4 1.683 153.0 0.794 59.6 25.6 0 i 

09FEB88 17:56 444 255 70.0 15.8 47.3 389.3 1.519 136.0 0.347 81.8 19.6 
09FEB88 18:06 439 243 51.2 16.5 45.5 240.9 0.811 51.6 0.139 83.8 18.7 
09FEB88 18:16 437 249 70.0 11.3 37.1 339.0 1.067 77.0 0.449 65.0 21.8 
09FEB88 18:26 432 251 70.0 11.5 41.6 304.2 1.010 70.3 0.180 85.3 18.8 
09FEB88 18:36 432 249 69.9 12.6 37.1 251.1 0.856 56.0 0.248 76.5 19.6 0 I 

09FEB88 18:46 437 253 69.8 12.8 41.8 230.6 0.758 49.0 0.130 85.8 28.1 
0 j 

09FEB88 18:56 436 249 62.5 15.3 41.0 179.6 0.599 26.0 0.120 81.8 22.7 

09FEB88 19:06 436 251 66.6 13.8 40.5 219.4 0.766 32.0 0.123 84.8 23.0 

09FEB88 19:16 434 248 69.9 12.0 40.0 234.8 0.732 31.9 0.155 85.8 22.6 

09FEB88 19:26 436 252 59.4 16.8 40.5 171.8 0.590 28.5 0.064 90.0 23.4 0 j 

09FEB88 19:36 435 248 64.8 14.2 40.9 204.4 0.667 29.7 0.189 77.8 25.8 

09FEB88 19:46 436 252 70.0 12.3 40.8 286.9 0.915 53.0 0.229 80.5 25.8 
0 I 

09FEB88 19:56 438 250 70.0 11.7 41.4 355.0 1.262 77.5 0.395 76.8 27.8 " j 

09FEB88 20:06 441 252 68.5 14.3 44.5 249.1 0.888 51.1 0.181 83.8 26.6 

AVERAGE 438 253 59.9 16.7 41.0 214.9 0.751 47.6 0.202 78.7 26.0 
- J 
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RADIAN CORPORATION 

TEST 4C 
TEST DATE: 02/09/88 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 16 
a a a 

DATE TIME SPRY DRY SPRY DRY LIME SLRY DILUTION TOT SLRY IN S02 
IN TEMP OUT TEMP CONC WATER FLOW CONC 

DES F DES F PERCENT GP" SPM PPM 
a 

PARAMETERS ENTERED MANUALLY FROM SCREEN PRINTOUTS. 

E-27 

a a 
IN S02 OUT S02 OUT S02 502 
FACTOR CONC FACTOR REMOVAL 
LB/MBTU PPM LB/MBTU % 

co 
CONC 
pp" 

lC 



RADIAN CORPORATION 10-"ar. p 

TEST 4C 
r TEST DATE: 02/09/88 

PROCESS DATA SUMMARY -I WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

-I 
UNIT 2 TREND LOG 17 

a a a 
DATE TIME ESP OUT FLD 1 FLD 2 FLD 3 

- [ TEMP SEC VOLT SEC VOLT SEC VOLT 
DES F KV KV KV 

TI2376 EI25Bb EI2587 EI25BB - l 

09FEB88 13:3b 25b 5b.8 55.7 b1.1 i 
09FEBBB 13:4b 253 53.0 57.1 b0.5 - j 

09FEB88 13:5b 254 48.8 57.1 bO.O 
09FEBBB 14:0b 253 51.5 5b.3 b1.0 -I 09FEB88 14:1b 254 55.5 53.8 58.2 
09FEBBB 14:2b 254 54.9 55.7 bl.O 
09FEB88 14:3b 252 56.1 51.7 52.8 

1 09FEB88 14:4b 254 b1.3 57 .b bl.O . j 
09FEB88 14:56 252 b1.4 58.5 bO.b 
09FEBB8 15:0b 254 58.9 57.1 60.9 ) 

09FEBB8 15:1b 253 55.8 56.b 59.5 
_l 09FEB88 15:2b 254 60.8 ~.4.8 bl.O 

09FEBBB 15:36 253 57.9 55.9 b0.4 
09FEB88 15:46 254 62.1 54.4 61.2 -~ 
09FEBBB 15:56 253 b0.3 57.8 60.8 
09FEB88 1b:06 253 b1.3 57.2 b0.5 
09FEBBB 1b:lb 253 56.0 58.5 b0.8 . I 

09FEB88 1b:2b 255 5b.6 5b.8 bO.O ! 
- I 09FEB88 1b:36 254 .59.5 57.2 b0.1 

09FEB88 1b:4b 255 59.1 b2.4 55.b 
- ' 

09FEB88 1b:56 253 b0.5 53.b b0.9 ! 
09FEB88 17:06 253 58.0 56.3 59.9 - I 
09FEBBB 17:16 255 60.9 56.7 59.2 
09FEBB8 17:26 254 59.8 55.5 61.3 1 

09FEB88 17:36 253 58.9 57.1 58.7 l 
09FEB88 17:4b 256 55.9 55.7 60.6 
09FEB88 17:56 253 60.4 55.3 60.3 
09FEB88 18:0b 246 58.1 52.1 59.9 
09FEB88 18:16 250 5B.b 49.5 59.3 
09FEBB8 18:26 249 55.8 52.6 60.1 
09FEB88 18:36 249 59.0 54.2 59.2 
09FEBB8 18:46 251 54.5 51.4 59.8 
09FEB88 18:5b 250 54.5 52.7 59.5 
09FEB88 19:0b 250 51.9 50.8 59.8 
09FEB88 19:16 248 54.9 50.9 60.0 
09FEB88 19:26 250 54.3 52.4 59.0 
09FEB88 19:36 247 58.4 52.7 59.1 
09FEB88 19:46 250 57.9 53.3 59.1 
09FEB88 19:56 250 59.8 54.0 58.0 
09FEB88 20:06 250 59.8 52.1 60.1 

AVERAGE 252 57.5 55.0 59.8 

E-28 
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RADIAN CORPORATION 

TEST 4C 
TEST DATE: 02/09/88 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY~ INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOS 17 
a a 

DATE TIME ESP OUT FLD 1 FLD 2 FLD 3 
a 

TEMP SEC VOLT SEC VOLT SEC VOLT 
DES F KV KV KV 

a 
PARAMETERS ENTERED MANUALLY FROM SCREEN PRINTOUTS. 

10-Mar-BS 
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RADIAN CORPORATION .~-

TEST 4C I 
TEST DATE: 02/09/88 

PROCESS DATA SU~MARY , I 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS -! 
UNIT 2 ESP OPERATING DATA 

DATE TIME PRIItARY VOLTAGE PRIMARY CURRENT SECONDARY VOLTAGE SECONDARY CURRENT SPARK RATE ~ I 
VOLTS AC AMPS AC KVOLTS DC AltPS DC SPARKS/MIN X!O 

FIELD FIELD FIELD FIELD FIELD 
f 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

09FEB88 15:10 350 340 380 lOb 175 170 40 45 50 0.47 0.98 1.04 1 0 0 . J 

09FEB88 15:30 300 340 380 79 177 lbb 48 45 50 0.51 LOS 1.01 1 0 0 
09FEB88 lb:OO 350 340 380 94 171 137 52 4b 50 0.47 1.05 1.02 1 0 0 I 
09FEB88 lb:30 340 340 370 82 172 lb2 51 45 50 O.b3 0.98 1.02 0 0 0 j 
09FEB88 17:00 320 340 380 94 177 1b2 51 4b 50 0.57 1.07 1.03 1 0 0 
09FEB88 17:30 290 340 3b0 75 151 lbl 50 47 44 0.40 1.02 0.92 1 0 0 
09FEBB8 18:00 340 310 380 120 17b 174 48 43 50 O.b3 1.07 1.07 0 0 0 
09FEB88 18:30 310 310 370 lOb 180 175 48 43 49 O.bb 1.04 1.09 0 0 0 . i 

09FEB88 19:00 300 310 370 119 172 175 32 42 49 0.47 1.04 1.09 0 0 0 
09FEB8B 19:30 310 310 370 119 17b 175 4b 42 49 O.b7 1.02 1.09 0 0 0 ! 
09FEB88 20:00 330 310 370 115 . 173 172 49 44 49 0.65 1.08 1.08 0 0 0 . i 

AVERAGE 322 32b 374 101 173 lb6 47 44 49 0.5b 1.04 1.04 0 0 0 
1 

. j 

. 1 
I 

I 

-) 

- ~ 

' : 
. I 

. i 

. i 
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! I RADIAN CORPORATION 

r ~ 

i . TEST 5C 
TEST DATE: 02/10/88 

r . 

l . PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 

r . MILLBURY RESOURCE RECOVERY FACILITY 
I MILLBURY MASSACHUSETTS 
i : 

UNIT 2 TREND LOS 14 a 
1 a a a UNDERGRATE I 

t DATE TIME STI'I SHTR STI'I EVG STI'I BL I'IST SRT I'IST NAT GAS TOTAL AIR PRII AIR SEC AIR OXYGEN 
FLOW TEI'IP PRESS OUTPUT OUTPUT FLOII AIR FLOW TEI'IP PRESS PRESS 

KLB/HR DES F PSIS 4 4 KSCFH KACFI'I DES F IN H20 IN H20 4 
'i FI2002B TI4062 PIC0106B FIC2034 HIC2034C FI2153 TI2024 PIC2028 PIC2026 AIC2064 
I -

10FEB88 08:07 188.5 824 858 36 32 0.0 80.625 151 12.56 25.88 10.59 

! ' 10FEB88 08:17 192.0 826 86o 29 25 0.0 77.625 152 10.69 26.06 9.91 
10FEB88 08:27 185.5 824 858 36 32 o.o 81.125 153 12.25 26.31 10.84 

i 
08:37 187.0 822 857 34 31 0.0 81.375 152 12.47 26.06 11.03 j - 10FEB88 

10FEB88 08:47 188.5 826 857 32 28 0.0 78.5 153 10.66 25.81 10.56 
! . 10FEB88 08:57 189.0 828 858 31 27 0.0 78.375 153 13.19 26.38 10.25 
' 10FEB88 09:07 182.0 824 857 40 36 0.0 83.375 154 10.94 25.81 11.53 ' . 

10FEB88 09:17 187.5 824 857 34 30 0.0 79 153 11.09 26.25 9.94 
! ' 10FEB88 09:27 184.0 822 857 37 33 0.0 83.375 152 11.22 26.00 10.91 

] 10FEB88 09:37 188.5 826 857 33 29 0.0 80.25 153 11.56 26.00 9.66 
10FEB88 09:47 186.0 822 857 38 34 0.0 82.375 152 11.47 26.38 10.41 
10FEB88 09:57 189.0 822 858 35 31 0.0 82.5 150 12.00 25.81 10.47 

r : 
10FEB88 10:07 187.0 820 857 40 37 0.0 86.5 149 12.94 26.13 10.63 
10FEB88 10:17 188.5 822 859 35 31 0.0 83 151 12.41 26.19 9.94 
10FEB88 10:27 188.0 826 857 33 29 0.0 78.375 154 12.59 26.56 10.41 

f - 10FEB88 10:37 189.0 824 857 30 26 0.0 78.25 155 12.31 25.88 9.78 

l . 10FEB88 10:47 188.5 824 858 32 28 0.0 78.5 155 12.66 26.44 9.91 
10FEB88 10:57 188.0 824 858 31 27 0.0 78.125 155 13.16 26.31 10.34 

f - 10FEB88 11:07 189.5 830 858 29 25 0.0 77.125 156 12.88 25.63 9.91 
1 10FEB88 11:17 .189.5 824 860 30 26 0.0 78.375 156 12.63 25.81 9.50 l 
I 10FEB88 11:27 187.5 824 857 31 27 0.0 77.25 156 10.78 25.94 10.72 

10FEB88 11:37 187.5 824 858 32 28 0.0 78 156 12.19 26.69 10.47 
f 10FEB88 11:47 187.0 824 857 35 31 0.0 80.875 155 12.72 26.13 10.56 
I 10FEB88 11:57 187.5 826 857 32 28 0.0 79 155 11.50 25.88 10.88 ( . 

10FEB88 12:07 186.5 822 857 35 31 0.0 81.625 154. 12.91 25.94 11.19 

l 10FEB88 12:17 186.0 820 855 38 34 0.0 .82.375 153 11.38 25.94 11.44 

I 10FEBB8 12:27 191.5 826 856 28 24 0.0 78.25 153 12.16 25.88 10.63 
10FEB88 12:37 188.5 826 857 31 26 0.0 77.625 155 13.66 26.50 11.38 
10FEB88 12:47 186.0 820 858 35 33 0.0 82.25 155 12.63 26.38 11.69 ' -; 10FEB88 12:57 188.5 824 857 33 28 0.0 78.75 154 11.72 25.75 11.19 I 

l 10FEB88 13:07 186.0 824 857 36 33 0.0 82.625 154 12.53 25.75 11.75 ' . 

10FEB88 13:17 !87.0 824 858 40 36 0.0 85.375 152 12.28 25.94 11.34 
10FEB88 13:27 182.5 822 857 47 42 0.0 89.5 152 11.66 2~·. 94 12.72 
10FEB88 13:37 189.0 824 858 39 35 0.0 84.875 151 12.22 26.69 12.34 
10FEB88 13:47 194.0 826 860 35 31 0.0 83.375 150 12.50 25.88 10.53 
10FEB88 13:57 186.5 824 857 40 36 0.0 84.875 153 11.72 26.63 12.06 

AVERAGE 187.7 824 858 35 31 o.o 80.92708 153 12.12 26.10 10.76 

a 
PARAMETERS ENTERED I'IANUALLY FROI1 SCREEN PRINTOUTS. 

E-31 



RADIAI4 CORPORATION 10-"ar-

TEST 5C 
TEST DATE: 02/10/88 

PROCESS DATA SUMMARY 
WHEELABRATOR "ILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 15 
a 

DATE Tl"E FURNACE ATTPTR ST" TO Bl FDIIR Bl FDIIR FURNACE SPHTR SPHTR ECON OUT SDA IN PREC OUT 
DRAFT WTR FLOII AT" TE"P FLOII TE"P OUT TE"P OUT PRESS TE"P PRESS PRESS 

IN H20 KLB/HR KLB/HR DES F KLB/HR DES F DES F IN H20 DES F IN H20 IN H20 
PIC2025 Fl2011 FI2317 TI2010 FI2001 TR2021 TI2021A Pl2020 TI2038A PI2039 Pl2375 

10FEB88 08:07 -0.18 11.4 0 482 160.0 982 982 -0.89 674 -2.00 -3.41 
10FEB88 08:17 -0.57 11.9 0 481 161.0 984 984 -0.89 678 -1.75 -3.36 
10FEB88 08:27 -0.11 10.7 0 479 161.0 968 968 -0.83 672 -1.83 -3.47 
10FEB88 08:37 -0.33 10.7 0 479 161.5 982 982 -1.20 674 -2.11 -3.88 
10FEB88 08:47 -0.30 11.1 0 479 159.0 980 980 -0.84 672 -1.74 -3.38 
10FEB88 08:57 -0.04 10.9 0 479 161.0 974 974 -0.65 674 -1.70 -2.95 
10FEB88 09:07 -0.75 10.2 0 477 158.5 968 968 -1.21 668 -2.08 -3.82 
10FEB8B 09:17 -0.40 10.8 0 478 159.5 980 980 -1.05 672 -1.82 -3.43 
10FEB88 09:27 -0.14 9.8 0 478 159.0 978 978 -1.00 672 -2.14 -3.61 
10FEB88 09:37 -0.11 11.0 0 480 161.0 982 982 -0.95 674 -2.01 -3.34 
10FEB88 09:47 -0.07 10.3 0 479 162.5 976 976 -0.69 674 -1.88 -3.17 
10FEB88 09:57 -0.21 11.3 0 482 158.0 992 992 -1.03 678 -1.34 -3.48 
10FEB88 10:07 -0.27 10.7 0 484 158.0 982 982 -1.15 678 -1.62 -3.93 
10FEB88 10:17 -0.06 10.5 0 483 163.5 988 988 -0.66 678 -1.92 -3.31 
10FEB88 10:27 0.11 11.6 0 481 161.0 982 982 -0.44 676 -2.08 -2.75 
10FEB88 10:37 -0.19 11.5 0 476 159.5 986 986 -0.70 674 -1.91 -2.91 
10FEB88 10:47 0.02 11.5 0 475 160.0 986 986 -0.32 674 -1.54 -2.65 
10FEB88 10:57 0.04 11.3 0 476 160.0 990 990 -0.70 672 -1.78 -2.92 
10FEB88 11:07 0.18 u.s 0 477 160.0 984 984 -0.36 674 -1.75 -2.62 
10FEB88 11:17 -0.15 11.6 0 477 160.0 992 992 -0.86 678 -1.84 -3.27· 
10FEB88 11:27 -0.21 11.1 0 479 159.0 996 996 -1.06 674 -1.96 -3.38 
10FEB88 11:37 -0.15 11.0 0 480 159.0 996 996 -0.77 672 -1.79 -3.27 
10FEB88 11:47 -0.12 10.2 0 482 158.5 980 980 -0.62 678 -2.00 -3.35 
10FEB88 11:57 -0.50 10.2 0 483 162.0 972 972 -1.03 678 -2.07 -3.46 
10FEB88 12:07 -0.06 10.3 0 484 159.0 972 972 -0.82 678 -2.39 -3.51 
10FEB88 12:17 -0.27 9.9 0 487 158.0 976 976 -0.89 682 -2.13 -3.70 
10FEB88 12:27 -0.31 10.9 0 488 162.5 984 984 -0.60 682 -2.11 -3.22 
10FEB88 12:37 -0.06 10.4 0 486 162.5 992 992 -0.82 676 -2.23 -3.46 
10FEB88 12:47 -0.29 9.1 0 484 159.5 1000 1000 -1.07 676 -2.44 -3.97 
10FEB88 12:57 -0.03 10.1 0 486 159.0 994 994 -0.76 682 -1.75 -3.52 
10FEB88 13:07 -0.14 9.7 0 487 160.5 978 978 -0.94 684 -2.30 -3.74 
10FEBSB 13:17 -0.37 9.6 0 491 159.0 982 982 -0.89 684 -2.13 -4.11 
10FEB88 13:27 -0.30 8.4 0 493 159.0 974 974 -0.92 682 -2.22 -4.11 
10FEB88 13:37 -0.15 9.3 0 495 163.0 996 996 -0.61 682 -2.23 -3.39 
10FEBB8 13:47 -0.43 10.3 0 495 163.5 1000 1000 -1.00 688 -1.89 -3.74 
10FEB88 13:57 -0.25 9.5 0 490 162.0 994 994 -0.87 678 -2.00 -3.56 

AVERAGE -0.20 10.6 0 483 160.3 984 984 -0.84 677 -1.96 -3.42 
a 

THIS PARA"ETER liAS ENTERED KANUALLY FRO" SCREEN PRINTOUTS. 
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RADIAN CORPORATION 

TEST 5C 
TEST DATE: 02/10/88 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
MILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY ~ASSACHUSETTS 

UNIT 2 TREND LOG 16 

DATE TIME 

10FEB88 08:08 
10FEB88 08:18 
10FEB88 08:28 
10FEB88 08:38 
10FEB88 08:48 
10FEB88 08:58 
10FEB88 09:08 
10FEB88 09:18 
10FEB88 09:28 
10FEBB8 09:38 
10FEB88 09:48 
10FEB88 09:58 
10FEB88 10:08 
10FEB88 10:18 
10FEB88 10:28 
10FEB88 10:38 
10FEB88 10:48 
10FEB88 10:58 
10FEB88 11:08 
10FEB88 11:18 
10FEB88 11:28 
1 OFEB88 11:38. 
10FEB88 11:48 
10FEB88 11:58 
10FEB88 12:08 
10FEB88 12:18 
10FEB88 12:28 
10FEB88 12:38 
10FEB88 12:48 
10FEB88 12:58 
10FEB88 13:08 
10FEB88 13:18 
10FEB88 13:28 
10FEB88 13:38 
10FEB88 13:48 
10FEB88 13:58 

AVE RASE 

a a a 
SPRY DRY SPRY DRY LIME SLRY DILUTION TOT SLRY IN S02 

IN TE~P OUT TEMP CONC WATER FLOW CONC 
DES F DES F PERCENT SP" GP" PP" 

TR2040 TIC2551 HC2378 FIC2580 FIC2552 AI2378 
TR2040 TIC2551 HC2378 FIC2580 FIC2552 AI2378 

428 251 64.6 14.4 39.1 254.8 
428 250 70.0 12.2 38.9 439.4 
426 249 69.7 11.2 38.1 405.0 
427 251 70.0 11.4 38.3 251.3 
426 250 54.7 16.6 38.3 186.3 
426 250 43.0 21.0 37.0 171.5 
426 250 42.6 21.3 36.1 174.1 
426 251 43.1 21.8 37.9 181.5 
427 249 48.8 19.1 35.8 174.0 
428 251 70.0 12.4 38.4' 304.7 
427 250 70.0 11.4 37.8 266.2 
430 252 69.7 12.9 39.8 316.3 
432 249 70.0 11.9 40.4 282.3 
430 250 57.0 11.4 40.1 199.4 
426 249 30.1 24.6 38.1 152.6 
424 248 21.5 26.0 34.4 127.9 
425 251 23.0 26.6 34.5 121.9 
424 250 29.7 24.5 35.0 141.9 
424 251 34.0 23.5 34.5 145.6 
426 251 33.4 23.6 35.5 145.4 
427 251 31.6 25.3 36.6 151.0 
428 251 32.7 25.6 37.1 !37.5 
430 251 28.6 27.7 37.3 138.1 
430 250 23.6 29.6 39.5 139.9 
433 251 39.9 23.6 37.4 139.9 
436 251 43.4 24.6 41.1 179.6 
433 250 52.1 18.8 41.3 205.4 
431 249 57.0 15.8 38.5 175.9 
433 251 52.7 18.9 39.5 170.8 
435 251 68.3 12.9 41.1 212.6 
436 251 70.0 12.9 41.6 256.3 
44! 252 70.0 13.8 44.4 395.9 
442 250 70.0 12.7 45.8 422.1 
441 251 70.0 13.4 45.1 300.4 
442 251 63.0 16.5 44.4 146.9 
437 247 34.9 25.9 42.1 175.2 

430 250 18.8 38.9 216.4 

E-33 

a 
IN S02 OUT S02 
FACTOR CONC 
LB/"BTU PP" 
Al2390 AIC2379A 
Al2390 AIC2379A 

0.782 38.3 
1.224 63.8 
1.260 76.0 
0.822 60.0 
0.565 24.1 
0.523 21.4 
0.575 30.2 
0. 584 30.3 
0.585 30.5 
0.955 54.8 
0.908 52.4 
0.980 65.3 
o. 930 53.1 
0.628 29.2 
0.501 13.5 
0.390 21.2 
0.363 30.9 
0.409 33.1 
0.440 33.8 
0.425 29.5 
0.472 28.8 
0.448 31.0 
0.469 26.5 
0.443 27.6 
0.471 38.6 
0.620 32.9 
0.665 36.1 
0.547 33.0 
0.575 27.1 
0.699 39.9 
0.864 52.8 
1.426 95.3 
1.555 124.8 
1.022 90.5 
0.518 35.6 
0. 558 11.5 

0.700 42.0 

a 
OUT S02 S02 
FACTOR REHOVAL 
LB/1'1BTU 7. 
AI2386 AIC2378A 
AI2386 AIC2378A 

0.183 84.3 
0.277 78.0 
0.287 82.8 
0.147 84.3 
0.059 91.3 
0.104 83.5 
0.097 86.8 
0.090 87.5 
0.165 90.8 
0.251 79.3 
0.231 76.0 
0.259 79.3 
0.212 82.0 
0.073 89.3 
0.019 96.0 
0.097 79.0 
0.127 70.5 
0.130 76.3 
0.115 77.0 
0.121 73.9 
0.112 79.0 
0.079 82.0 
0.114 75.3 
0.090 78.3 
0.165 74.0 
0.140 79.0 
0.126 84.0 
0.103 98.8 
o.158 77 .a 
0.175 81.5 
0.252 77.0 
0.491 71.0 
0.531 72.5 
0.279 79.5 
0.067 90~0 

0.076 89.0 

0.167 81.0 

co 
CONC 

PPI'1 
AI2379C 
AI2379C 

21.9 
23.3 
25.8 
24.0 
25.1 
27.3 
23.9 
29.7 
28.5 
27.4 
23.6 
28.1 
30.5 
30.4 
22.8 
27.4 
24.5 
24.3 
26.6 
27.1 
24.1 
25.8 
26.4 
29.8 
25.8 
24.1 
28.4 
25.8 
28.0 
22.9 
24.1 
24.1 
22.0 
27.4 
49.4 
28.3 

26.6 



RADIAN CORPORATION 10-11ar-

TEST 5C 
TEST DATE: 02/10/88 

PROCESS DATA SUMMARY 
WHEELABRATOR MILLBURY, INC. 
~ILLBURY RESOURCE RECOVERY FACILITY 
MILLBURY MASSACHUSETTS 

UNIT 2 TREND LOG 17 
a a a 

DATE TII'IE ESP OUT FLD 1 FLD 2 FLD 3 
TEIIP SEC VOLT SEC VOLT SEC VOLT 
DES F KV KV KV 

TI2376 El2586 El2587 El2588 
10FEB88 08:08 248 55.1 52.5 59.1 
10FEB88 08:18 248 54.6 53.8 58.0 
10FEB88 08:28 247 54.0 53.4 59.4 
10FEB88 08:38 248 55.6 54.8 59.7 
10FEB88 08:48 248 54.9 53.5 58.9 
10FEB88 08:58 248 55.5 55.0 58.9 
10FEB88 09:08 248 59.1 52.7 59.7 
10FEB88 09:18 248 54.8 55.1 59.0 
10FEB88 09:28 249 55.1 54.2 59.9 
10FEB88 09:38 249 50.9 52.7 59.6 
10FEB88 09:48 249 54.6 53.9 59.6 
10FEB88 09:58 250 53.9 53.6 59.1 
10FEB88 10:08 249 50.8 54.6 59.5 
10FEB88 10:18 249 54.5 53.7 59.6 
10FEB88 10:28 248 50.4 54.7 59.3 
10FEB88 10:38 248 57.3 54.4 59.1 
10FEB88 10:48 249 50.1 54.7 59.0 
10FEB88 10:58 249 56.0 53.9 59.1 
10FEB88 11:08 250 52.3 50.4 59.1 
10FEB88 11:18 251 50.5 54.5 59.2 
10FEB88 11:28 250 54.0 54.5 59.1 
10FEB88 11:38 250 56.0 55.3 59.1 
10FEB88 11:48 250 57.3 55.3 59.5 
10FEB8B 11:58 250 57.8 55.2 59.5 
10FEB88 12:08 251 53.1 56.0 60.3 
10FEB88 12:18 250 52.4 52.9 60.5 
10FEB88 12:28 249 52.3 55.0 58.5 
10FEB88 12:38 249 56.3 55.3 59.8 
10FEB88 12:48 250 55.6 55.8 60.1 
10FEBB8 12:58 250 58.4 54.6 59.9 
10FEB88 13:08 250 60.9 54.4 59.1 
10FEB88 13:18 251 61.9 56.2 60.7 
10FEB88 13:28 250 62.9 56.1 58.6 
10FEB88 13:38 251 59.3 55.0 59.6 
10FEB88 13:48 251 49.9 51.4 59.8 
10FEB88 13:58 248 51.3 53.3 59.9 

AVERAGE 249.25 55.0 54.2 59.4 

a 
PARAMETERS ENTERED MANUALLY FROM SCREEN PRINTOUTS. 
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RADIAN CORPORATION 

TEST SC 
TEST DATE: 02/10/88 

l -
PROCESS DATA SUI111ARY 
WHEELABRAlOR "JLLBURY, INC. 

r ~ MILLBURY RESOURCE RECOVERY FACILITY 

L MILLBURY MASSACHUSETTS 

UNIT 2 ESP OPERATING DATA 

f' DATE TIME PRIMARY VOLTAGE PRI"ARY CURRENT SECONDARY VOLTAGE SECONDARY CURRENT SPARK RATE 
VOLTS AC AI'IPS AC KVOLTS DC AMPS DC SPARKS/MIN X10 

f • FIELD FIELD FIELD FIELD FIELD 
1 2 3 1 2 3 2 " 1 2 3 1 2 " ~ -J -J 

(- 10FEB88 08:45 320 340 370 123 178 173 45 45 49 0.61 1.08 1. 09 0 0 0 
10FEB88 09:15 310 310 370 121 181 172 42 44 49 0.59 1.11 1.07 0 0 0 
10FEB88 09:45 310 330 370 103 178 172 45 44 49 0.50 1.08 1.07 0 0 
10FEB88 10:15 330 330 370 pt 175 164 47 44 48 0.60 1.06 1.04 0 0 0 
10FEB88 10:45 320 330 370 116 169 172 44 45 49 0.52 1.03 1.07 0 0 0 
10FEBBB 11:15 310 330 370 118 178 174 44 45 49 0.63 1.09 1.09 0 0 0 
10FEB88 11:45 320 340 370 107 174 167 46 45 49 0.63 1.03 1.09 0 0 0 
10FEB88 12:15 320 320 370 121 176 170 42 44 50 0.52 1.05 1.08 0 0 0 
10FEB88 12:45 330 340 380 109 178 171 48 46 50 0.67 1.02 1.05 0 0 0 
10FEB88 13:15 360 330 380 117 169 170 41 45 50 0.60 l.Oi: 1.02 0 0 
10FEB88 13:45 310 330 380 106 172 170 45 45 50 0.64 1.11 1.03 0 0 0 

AVERAGE 322 330 373 115 175 170 44 45 49 0.59 1.07 1.06 0 0 0 
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700 
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0 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
08:51 09:21 09:51 10:21 10:51 11:21 11:51 12:21 12:51 13:21 13:51 14:21 14:51 15:21 15:51 

TIME KEY 
o Total steam flow (1000 lb/hr) 
+ C'+"am +~~~era+··~~ ( °F) 
t"> 1::\1~ ...,.,.,...,..._., -·-.... -···- ,_ .... ;....,, 
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RUN 2 

900 ~------------------------------------------
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0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

16:01 16:31 17:01 17:31 18:01 18:31 19:01 

TIME 

19:31 20:01 20:31 21:01 

KEY 
o Total steam flow (1000 lb/hr) 
+ Steam temperature ( °F) 
A_,,_ -•--- --- --- '--~-\ 
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RUN 3 

900 ~---------------------------------------
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08:35 09:05 09:35 10:05 10:35 11:05 

TIME 

11:35 12:05 12:35 13:05 

KEY 
o Total steam flow (1000 lb/hr) 
+ C+"'!am +ornperaturP (oF) 
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1.0 INTRODUCTION 

1.1 PURPOSE OF AUDIT 

A technical systems audit (TSA) is a qualitative on-site evaluation of a 

measurement system. The objective of a TSA is to assess all facilities and to 

document equipment operating procedures, equipment maintenance, recordkeeping, 

data validation, experimental procedures, calibration procedures, reporting 

requirements, and quality control procedures. Since the above items should be 

defined in the approved quality assurance project plan (QAPP) for the project, 

the QAPP provides the basis for the audit. Any undocumented or unauthorized 

deviations from the QAPP will be noted during the audit and included in this 

report. 
The audit was performed at the Wheelabrator Resource Recovery Company in 

Millbury, Massachusetts. The purpose of this audit was to evaluate project 

activities during emission testing of the municipal waste combustor. RTI's 

responsibility was to develop a comprehensive checklist (included as Appendix 

A) to be used by OAQPS and AEERL technical personnel in order to perform a 

technical systems audit for on-site sampling and measurements. The completed 

checklist was returned to RTI after the test burn and has been used as the 

basis for this audit report. RTI personnel were not in Massachusetts 

for this audit. 

1.2 AUDIT SUMMARY 

The recommended rating is "acceptable with recommendations." Recommend

ations are based on answers to questions in the audit checklist. Potential 

problems concerning plant operating conditions are discussed in section 3.0. 

1.3 DESCRIPTION OF THE PROCESS AUDITED 

Wheelabrator Environmental Systems, Inc. (WES) is one of the principal 

suppliers of mass-burn combustor technology in the United States. The Millbury 

facility (Wheelabrator Millbury, Inc.) employs typical WES combustor technology 

consisting of a Von Roll grate system and Babcock & Wilcox boiler. The flue 

gas emissions are controlled by a spray dryer/electrostatic precipitator (SO/ 

ESP) system, the first such application of this control device to municipal 

waste combustors (MWCs) in North America. 
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The EPA test program is being carried out in conjunction with the 

Massachusetts State-required compliance testing. The combined objectives of 

the Millbury test program are: 

1. To determine the control efficiency of a spray dryer/electrostatic 
precipitator on mass-burn MWC emissions, including criteria pollutants, 
metals, acid gases, and dioxins/furans, under normal facility operating 
conditions. 

2. To obtain continuous emission monitoring (CEM) data for CO, C02, 02, 
S02, NOx, and opacity. 

Entropy will perform Method 3 (Orsat) measurements and manual sampling for 

chlorinated dibenzodioxins/chlorinated dibenzofurans (CDDs/CDFs) using Modified 

Method 5 (MM5) at the inlet to the spray dryer. Entropy is also conducting 

simultaneous CDD/CDF testing for Wheelabrator at the outlet to the ESP for 

compliance testing purposes. Thus, it will be possible to assess the control 

efficiency of the spray dryer/electrostatic precipitator (SO/ESP) system for 

CDDs/CDFs. Entropy will obtain ash samples from various collection points 

during the CDD/CDF testing which will be analyzed for dioxins/furans, percent 

carbon, and percent combustibles. Lime slurry samples will be collected and 

analyzed for dioxins/furans, percent solids, percent lime, and specific 

gravity. 
Radian Corporation will monitor and record the process and control system 

parameters throughout the test period. The facility has agreed to provide 

continuous emission monitoring data from all available monitors (CO, S02, 02 at 

the SO inlet; S02, NOx, 02, and opacity at the ESP outlet), which will also be 

reduced and reported by Radian. 

1.4 SUPPORTING DOCUMENTATION 

The checklist was designed to cover all sampling and analysis, as well as 

some of the process measurements which may have an impact on the final 

presentation of data, as presented in section 2.1. The technical basis for the 

checklist was developed from the following: 

1. Quality Assurance Project Plan and Site Specific Work Plan: Municipal 
Waste Program, Phase I Emission Testing Program. February 1, 1988. 

2. Quality Assurance Handbook for Air Pollution- Measurement Systems (EPA-
600/4-77-0276). 

3. 40 CFR Part 60. 
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1.5 PRE-AUDIT ACTIVITIES 

Previously, Dr. Shri Kulkarni (RTI) discussed with Mrs. Judith Ford (AEERL

EPA) and Mr. Gene Riley (OAQPS-EPA) RTI•s QA responsibility for the municipal 

waste incineration emission measurements program. The first test of the MWC 

program at Biddeford, Maine, was completed in December; the Millbury, 

Massachusetts, facility represents the second system to be monitored. It was 

decided that like the Biddeford facility, RTI would prepare an audit checklist 

to be used by AEERL and OAQPS personnel, but would not attend the audit. 

This checklist was prepared by Mr. Joseph Evans and Mr. Keith Daum and sent 

to Mr. Charles Masser (AEERL Project Officer). The checklist was completed by 

Mr. Masser and Mr. Dan Bivins (OAQPS) while they were on-site in Millbury, 

Massachusetts, on February 8, 9, and 10, 1988. Assessment of findings and 

preparation of this report were performed by RTI in collaboration with the on

site reviewers. 
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2.0 PRESENTATION OF CHECKLIST INFORMATION 

2.1 OVERVIEW 

There were six areas of importance covered by the audit checklist: oper

ating conditions, process data collection, CDD/CDF sampling trains, solid 

sampling and analysis, Method 3 sampling and analysis, and general QA ques

tions. The following sub-sections present information from the audit checklist 

which was completed by personnel on-site in Millbury, Massachusetts. 

The audit checklist is included as Appendix A. 

2.2 OPERATING CONDITIONS 

The intended purpose of the audit checklist was to obtain information on 

the agreed-upon operating conditions of the facility and emission control 

devices. For some parameters, this information was provided; in other cases, 

information on current operating conditions recorded during a test run was 

provided instead. In no case did responses in the audit checklist indicate 

that the facility or control device was operating outside of a normal range. 

The responses in the checklist did, however, indicate some places where there 

may be process measurement problems. In checklist section I.A.1, the agreed

upon value for the economizer outlet temperature was 400°F with an acceptable 

range from 375°F to 450°F. In checklist section I.B.1, data from dioxin run 

C-4 are presented, including a spray dryer inlet temperature of 438°F. The 

spray dryer inlet temperature should be lower than the economizer outlet 

temperature. It may be that during dioxin run C-4, the economizer was running 

near its upper acceptable limits of 450°F, and that 438°F is a reasonable 

temperature for the spray dryer inlet. If the economizer was not near its 

upper acceptable limit, however, then there may be a problem with temperature 

measurements. 

The ESP secondary voltages recorded digitally and listed in checklist 

section I.B.1 are 61.8KV for Field 1, 57.1KV for Field 2, and 59.9KV for Field 

3. The ESP secondary voltages recorded manually and listed in checklist 

section I.D.1 are 51KV for Field 1, 46KV for Field 2, and SOKV for Field 3. 

The average relative percent difference for Fields 1, 2, and 3 between the 

digitally recorded ESP voltages (section I.B.1) and the manually recorded ESP 

voltages (section I.D.1) is approximately 20%. 
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2.3 PROCESS DATA COLLECTION 

Responses to questions in this section of the checklist indicate that plant 

instrument values will be reported for process data. All plant instruments 

were calibrated within the 6 months preceding the test and calibration factors 

are labelled on each instrument. The procedures for process data reduction 

were also available. 

2.4 CDD/CDF SAMPLING TRAIN 

Two separate Modified Method 5 (MM5) sampling trains were used for the 

collection of CDD/CDF samples in order to evaluate output differences. One 

was located at the spray dryer inlet: the other was downstream at the 

electrostatic precipitator (ESP) outlet. The QA Project Plan written by 

Entropy and reviewed by RTI included the MM5 train for the spray dryer inlet 

location, but not for the ESP outlet. The outlet sampling train was funded 

by Wheelabrator for compliance testing and sampling at the outlet was not 

included in EPA•s QA Project Plan. Therefore, there may be a limited 

comparison of data between these two MM5 trains. 

Standard QA/QC checks were performed prior to train operation including 

leak tests, gas meter calibration, and special cleaning of train components 

to prevent contamination as specified in Entropy•s QA Project Plan (QAPP). 

Because of the nature of CDD/CDF analysis, additional precautions are taken 

during sample train set-up to prevent contamination. Entropy•s QAPP had 

specified that glass fiber filters used in the sampling train were to be 

tested for contamination prior to train set-up. This was not performed for 

the sampling train at the inlet location, however, because funds were not 

available. All other precautions were performed in accordance with QAPP 

specifications. 
Clean-up operations included methylene chloride and toluene for rinsing 

all train components. Train openings were loosely capped during removal of 

the sampling train. After removal, the XAD cartridge and all rinses were 

stored a maximum of 14 days before analysis. 
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2.5 SOLID SAMPLING AND ANALYSIS 

Ash and lime slurry samples were obtained by Entropy for subsequent 

analysis. These are composite samples obtained as specified in Entropy•s 

QAPP. Samples are properly stored and analyzed within 14 days. No unusual 

problems were noted on the checklist which would jeopardize the quality of 

data obtained from analysis of these samples. 

2.6 METHOD 3 SAMPLING AND ANALYSIS 

For the Orsat analyzer, the checklist indicates all appropriate calibra

tion and QA were performed prior to and during testing. As with the CDD/CDF 

sampling trains, samples are taken at the inlet to the spray dryer and at 

the outlet of the electrostatic precipitator. As described in section 2.5, 

EPA funded testing at the spray dryer inlet and Wheelabrator provided fund

ing for testing at the ESP outlet. It should be pointed out that different 

methods for CO detection were used at the outlet and inlet. If CO levels 

are above a certain concentration, then C02 and 02 analysis corrections are 

necessary, and the use of different detection methods poses no problem in 

data quality. 
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3.0 CONCLUSIONS AND RECOMMENDATIONS 

3.1 CONCLUSIONS 

3.1.1 CDD/CDF Sampling Train 

Analysis of CDDs/CDFs is a critical measurement and is directly related 

to one of the objectives of the study listed in section 1.3. For this 

reason, Entropy had proposed to test CDD/CDF contamination of glass fiber 

filters used in the CDD/CDF sampling train. This analysis was not performed 

for the sampling train at the spray dryer inlet location. Conclusion: 

Because the contamination measurement is probably more qualitative than 

quantitative, and since data on glass fiber filter contamination are avail

able for the sampling train at the ESP outlet, it is probably acceptable to 

use data from the sampling train at the outlet location to determine if 

glass fiber filters contained significant amounts of contamination. 

3.1.2 Temperature Measurement 

Conclusion: There may be a temperature measurement problem in either 

the economizer outlet temperature or the spray dryer inlet. It is difficult 

to discern if there is a problem, however, because checklist section I.B.1 

was completed with actual data from dioxin run C-4 while checklist section 

I.D.1 was completed with agreed-upon values and acceptable ranges. The 

spray dryer inlet temperature of 438•F recorded during the test (checklist 

section I.B.1) is a reasonable expectation considering the agreed-upon range 

of 375• to 450•F for the economizer outlet temperature (checklist section 

I.A.1), but only if the economizer is operating near the upper end of its 

range during the test. 

3.1.3 ESP Voltages 

Conclusion: The differences between the ESP secondary voltages listed 

in checklist section I.B.1 (digital data) and I.D.1 (manual data) indicate 

that there may be a measurement problem. There could be two reasons why the 

two sets of values are in disagreement by an average of 20%. The first is 

that there could be a measurement problem. Secondly, if these data were 

collected on two different sample runs, then there could be dust build-up on 

the ESP, indicating unrepresentative operating conditions. 
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3.2 RECOMMENDATIONS 

3.2.1 Operating Conditions 

• Determine if there is a temperature measurement problem in either the 
economizer outlet or the spray dryer inlet by reviewing process data 
collected for the project. If a problem exists, an explanation is 
needed. 

• Investigate and explain the 20% difference between the digital and 
manually collected data for ESP secondary voltages. 

3.2.2 CDD/CDF Sampling Train 

• For upcoming projects, when two separate MM5 sampling trains are to be 
used for comparison, QA for both trains should be included in the 
QAPP. 
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MILLBURY RESOURCE RECOVERY FACILITY AUDIT CHECKLIST 

for Millbury, Massachusetts 

A. Process Parameters 
I. OPERATING CONDITIONS f !h.£ T "'- Ir 

1. List the agreed upon values for plant process parameters, a~d the 

allowable ranges, that will be taken digitally during the test burn. 

Expected 
Process Data From Average 

Plant Instrumentation Units Value Allowable Range 

Steam Flow (total steam 
to turbine) 103 lbs/hr /Cft -t s-

Superheater Steam Temp-
erature •F •F Z3S ~ 7SO -~&; 

EGV Steam Pressure 7 '? in. w.c. I ' ' 

Boiler Master Output % (o 36 - r.o 

Grate Master Output % • roo 4 0 -7-o 

Natural Gas Flow 1103 lbs/hr -·I 0 

Primary Air Flow 103 lbs/hr I 3~ t:"(rM/ zg-t.,o J('cFM 

Primary Air Temperature OF ra:k- 3~ __., 
·, ";I 

Primary Air Pressure I in. w.c. I I~ /Z..-17 

Secondary Air Flow 103 lbs/hr I 
- I ;)~~~ 

Secondary Air Pressure in. w.c. zs:- 2 '-- z~ 

- -----
1

oxygen % by val. ( ct >- 1\J -~ ~ 

Furnace Draft I in. 
-

I w.c. -.1 - .001 "'7 -. "1---

IAttemperator Water Flow 103 1 bs/hr 5" I $-lo 
1 Steam to Atmosphere 103 lbs/hr 0 

Boiler Feedwater 
Temperature OF 5 00 11 >- 3oo 

!Boiler Feedwater Flow 
I 

llo3 lbs/hr J~~v~,~l~ 
I OF ;.,.._~ /Furnace Temperature I o 1 o 9oo- fl. co 



A. Process Parameters (continued) 

Expected 
Process Data From Average 

Plant Instrumentation Units Value Allowable Range 

Furnace Pressure in. w.c. na.-~-~ ~ Hvt 
Superheater Outle( 0taA"""" ~ r-~ k 
Temperature ~~) •F 

Superheater Outlet 
- . 3 ;>; -.&-Pressure ( ~.,) ; n. w.c. 

Economizer Outlet 
Temperature •F tJo o J 7{- 4;-o 

Economizer Outlet l 0 3}vl l}s-f hr Pressure 
..- ' - ~ 7-7 i---1ff~O 

ID Fan Pressure in. w.c. -7 

~ 
2. Are these normal operating conditions? ~rf not, how will deviations 

affect the representative~ess of the data? 

3. What is the corrective action when plant process parameters are outside 

of the a11owable range? 



B. 
.{"'I 0 flY! /

1
1/Jt 

Emission Control s:st~m - 1- ~-~ ~ /!----

control system aoo that will be taken ;clot;: 'V 1. List the a.greed4J-Pow·vKuesY.Gt operating parameters for th~ -e~i ss ion _ 
1
<!-:l-4 , 

di gita ll y during the test burn. tL ~ 
t;;.;r· 

dp(_ 
Expected 

Process Data From Average 
Plant Instrumentation Units Value Allowable Range 

Spray Dryer Inlet 
Temperature •f 43g . 

Spray Dryer Outlet 
Temperature •f z~g 

Lime Slurry 
Concentration % ~O.J 

Atomizing Air Flow 103 lbs/hr z b ~(o ;,c.~"' 

Dilution Water Flow gal/min \:;.9 

Total Slurry flow gal/min A z: ,-o 

ESP Outlet Temperature •f 15~ 

Field 1 Secondary 
Voltage KVAC lt.\.~ 

Field 2 Secondary 
~ 1.\ Voltage KVAC 

Field 3 Secondary ~~ ,q 
Voltage KAVC 

2. Are these normal operating conditions? If not, how will deviations 

affect the representativeness of the data? 

3. What is the corrective action when emission control system parameters are 

outside of the allowable range? 



c. Combustion Gas D~t~ . d{ 

1. List t~e~.,~~eeted'vvai't1~r combustion data from plant , 
iJ!I~Sv~ instrumentation aijdvt o 

~f~ the test burn. 

Process Data From 
Plant Instrumentation Units 

Inlet SOz Concentration ppmv 

Inlet SOz Factor lb/106 Btu 

Outlet SOz Concentration ppmv 

Outlet SOz Factor lb/106 Btu 

Percent SOz Removal % 

CO Concentration ppmv 

NOx Concentration ~JLX ppmv 

Oz % 

Moisture % 

d 

Expected 
Average 

Value A 11 owab 1 e Range 

ts-q.t 
/ 

1 {, 0 ~ 

3 G..' 

.l~'-
/ 

7' .) 

17 ,q) 

157i 
/ 

l?,.l.,) 

11rt1d-. .~ ~~Jad' 
( / J 



D. Manually Recorded Data 

1. List the ~values a~~~ for manually 
recorded data during the test burn. ' 

Manually Expected 
Recorded Average 

Data Units Value Allowable Range 

Opacity (6-min 
3.$ r/~~~ i nterva 1 s) % 

Soot Blowing Cycles minutes p~~~~~~ 
'~ (intermittent as ~ 
}' 

required) 4/ h .:!-A.t·; ~ 1 ~z 
)ESP Rapping Cycles ~~~ --( t) 

I 

minutes ~~M~~~- 1 

i ( i n term itt en t as g;;~ (') t1 l..,3 ~~~ I. J. L 

required) •) 
. ~ ...--

~ 3,73' .z. v .l4r-~./L. .h d',:i ~ 

ESP Primary Voltages/ :E" ,_ ,_,(_ 3~ \5) .5'~~-
f\ Amperages per Field 3Z.. 34- J1 10) ~ 

v:;: "177 ~ 
( 3o-mi n i nterva 1 s ), tJ'l( v/Amps 

,y 'A 4· 
,, ,<.-. 11" J !~ 2.-.( 1 tL 

ESP Sacondar~~Amperages 5"1 41. so 
per Field ( 0-min ;;f·S? -{,4{ /.o 3 

i nterv a 1 s) 

ESP Spark Rate per Field 
ltf w. )~ 

{sparks/min }>4c --·--
(30-min intervals) }- 0 0 

I 

'-"\~J 1-~~ 

2. How often will these data be collected? 

3 How often will these values be checked, during the test burn? aP ~ 



II. PROCESS DATA COLLECTION 

Response 
Yes No 

Questions Comments 

Are plant instrument values / used for process data? 

Were plant instruments 
calibrated within the last I 6 months? If not, list date 
of last calibration. 

( ' 

? Are calibration factors 
/ 

labeled on the instrument? v 

Is a data logger used to 
collect process data? v 

Is the length of time between 
readings 1 ess than 30 / 
minutes? 

Are data checked and verified 
by someone other than the v 
person operating the data 
logger? 

How are data stored? )~\~ 
Is there a back-up system / 
for data storage? 

Are procedures for process I 
data reduction available? 



III. COO/CDF SAMPLING TRAIN 

Questions 

Have the dry gas meters been 
calibrated against a wet test 
meter standard? 

Has the nozzle been calibrated 
to the nearest 0.025mm (0.001 
in) r and has the nozzle size 
been properly selected? 

Have all train components been 
properly cleaned as described 
in ENTROPY's QAPP in order to 
prevent contamination? 

Were openings capped after 
cleaning, with methylene 
chloride rinsed foil, in order 
to prevent contamination 
before installation? 

!where the glass fiber filters 
1for CDO/CJF testing checked 
jfor contamination prior to 
!sampling train set up? 

Are the trains correctly set 
up and leak-checked to less 
than 4% of the average 
sampling rate or 0.02 ft3/min, 
whichever is less? 

Is full-stack traversing being 
conducted? 

Has a careful effort been made 
to assure that the nozzle and 
pitot tube are located 
parallel to the stack wall? 

Response 
Yes No 

~ 
v 

~ 

v---

~ 

v 

/ 

~k 

~ 

::r ..-'\. l e.. t u ...... I T -7;Z::... 2_ 
Lex.. oz..r.-/~ 

Comments 

0P1;'>-SJ- Cl/7.:-'~ 
Y'--(...h- c ~-vi ,·6~ o-( 
..b '/ t'\ vvc. r-krm~ 

F-..- ·'"t'l; ;1 (/ f- c/fr.o~,·/. .. -blc: I 



;fl1 
I 

.,/t 
\ 

III. CDD/CDF SAMPLING TRAIN 
(continued) 

Response 
Yes No 

Questions Comments 

How has the sampling time been :r:'r- f~vlZ~v.S 'Jivt- { "/ 

chosen.to assure that the 
~~ 

t\... X J!t- D 7 r-p .:.-~..n .. .::) 

chance of "sample break- --- +- )"\.-_ s .t..-r i (!: > +-.> s h, ..._, ..... '!:• 

through" in the XAD cartridge ( r- ~-

b,.. C:. ·" "'..Y'"'rv ") 1..-.... .. 
is minimized? 

Are the resin cartridge and 
condenser mounted vertically ~ 
on top of the first impinger? 

Is the sample gas entering the 
~ resin cartridge cooled to less 

than zo·c (68.F)? 

Are greaseless joints and ~ 
1--

seals used in the sampling 
train? 

Is isokinetic sampling 
maintained within slO% and ~ 

checked every five minutes? 

Is the sample site selection 
an appropriate distance ~-

downstream from any flow 
disturbance? 

Are all impingers cooled in an ~-

ice bath at all times? 

Do the equipment operators 
have access to test protocols ~-

and methods, are data sheets 
available, and is equipment in 
good repair? 



III. COO/COF SAMPLING TRAIN 
(continued) 

A. Sample Preparation, Storage, and Shipping 

Response 
Yes No 

Questions Comments 

Are all openings loosely 
capped when the sampling train ._----
is removed from the stack in 
order to prevent 
contamination? 

Is the clean-up area clean and v 
protected from the wind? 

Is methylene chloride used in 4/.s v k t vc "'- ~ ........ .5 .:..v 
sample recovery and do sample -4-- ~ -;C f-,..--"- /"'I ~- <:....... 

recovery methods prevent ~ t- 5 v~v~~ ~·~r,,...~~y. 
contamination? 

Do any visible particles 
remain inside the probe after v 
rinsing? 

Are sample containers labeled 
and sealed tight, and is the ~ 
liquid level marked? 

Is the XAO stored under 
refrigeration and is the XAO 

v ...... 
container carefully capped and 
stored to prevent loss of 
sample? 

Are method and solvent blanks v 
also included for analysis? 

What percentage of the total '}t% 
samples are blanks? - .....--

How long are the samples ,L.. "5 'S 141 h----._ 14-d;ys_ 
stored before extraction and - -
analysis? .. 

I 



IV. SOLID SAMPLING AND ANALYSIS 

-
Response 
Yes No 

Questions Comments 

Are Lime Slurry and Ash / 
~ 

samples obtained by ENTROPY? 

Is the ash sample a 
composite, and are composites 

~ mixed thoroughly and saved for 
analysis as described in 
ENTROPY•s QAPP? 

b I 
d 

How are samples stored and lfro"""'"""" 51~-·~ 5 ..) h -s. . 

shipped in order to assure z; ,_ f- __ ,l~ -..,/ vV;r-.- b ..... L I'-
preservation before being -

~ ;-z. / C/1 ~ ~ ;V c: f ~· y-o, / ~c -
analyzed? ,4 Y>'\. ,!, d _..,_, t= < 3_1 ~ " ;:: 

What is the holding time L. t'S S rA.~--- I +- A"ys 
before solid samples are - -
extracted and analyzed? 

Are Ash and Lime Slurry v".· samples labeled appropriately 
for analysis? 



V. METHOD 3 SAMPLING AND ANALYSIS 

Questions 

Is the rate meter capable of 
measuring flow to within 
=2% of the selected flow rate? 

Has a leak check been 
performed on the flexible gas 
collection bag prior to 
sampling using a water 
manometer and are the results 
recorded? 

Has a leak check been 
performed on the entire 
sampling train using a Hg 
manometer and are the results 
recorded? 

Is the sampling point within 
the duct chosen to be at 
the centroid of the cross 
section or at a point no 
closer to the walls than 
1.0 meter? 

Has a leak check been 
lperformed Jn the orsat 
analyzer and are results 
recorded? 

Is sampling performed at a 
constant rate? 

Are sampling, analysis, and 
calculation procedures 
repeated until the dry 
molecular weights of any three 
grab samples differ from their 
mean by the following 
criteria? 

COz 
~0. 3~ absolute (COz ) 4%) 

or ~0.2~ absolute (COz ~ 4%) 

Oz 
~0.2:';; absolute (o2 2 15%) 

- --
/1"1 """ 

""'ht""n111t'o ((),., ( 1'i'Z:) 

Response 
Yes No 

Comments 

o - '1... <.> c... e ~ r-~--
V?"""l e f-c_.- ~ //\.c/,.c- .... ,__htJ 
-ric/ ?V · 



i (. 

V. METHOD 3 SAMPLING AND ANALYSIS 
(continued) 

Response 
Yes No 

Questions 

What type of correction is ~ 'T _.._.. ... 

determined for CO in order 
I 

(0 iS> 

Comments 

r- v -~-== 

~~i_.,-~ 
that nitrogen can be ~ 
determined by difference after b'! ;v ~~ Lf"Z .;.--- ~~ 

analyzing for COz and Oz? ~ /~·~r_.._-

Has calibration of the 
sampling apparatus and the 
orsat analyzer been checked 

~ ---within the last 3 months 
prior to this field test? 
Are calibration records 
available for inspection? 



VI. GENERAL 

Response 
Yes No 

Questions Comments 
__.-· 

Are a 11 samples properly / 
/ 

labeled and is adequate 
sample custody performed? 

Do the sample labels include .---· 
the time the sample was v collected and who collected 
it? 

Is there a designated sample ~ custodian? 

Have QA Officers from ENTROPY 
~---been on-site to inspect the 

operation? 

What precautions are being 
~ 

s ~ ... ,..._r ~~ 5 7r-1<- ~: ----

taken to ensure comparability s , rT"- v I fv-1 /') t" o '-' _s )" ~ 

between the CDD/CDF data /J,_..rA'~ <?;. ___ /ov-/~ 
taken under·OAQPS funding at 

.5r--<::...- /--0> ll- (....- 5" -( (!?./} 
the spray dryer inlet with 
CDD/CDF data taken at the --?- v1,...._,.,1'j '5- s #..,__-<..._ 

ioutlet to the control e I -c.~.\,......._,. r= /?-<.. v/7 !..c_ ~--
equipment? J,t, K. 



III. CDD/CDF SAMPLING -TRAIN 

tvhed.v./;.r,..,Lr:~" /Y1 /!I .£ .. --7, /77#S s. C/n/r .zr= -z_ 

t1 t,.r ra r- /oc ~z.nb"-

ResQ.onse 
Yes No 

Questions Comments 

Have the dry gas meters been 

~ 
/ 

calibrated against a wet test 
meter standard? 

Has the nozzle been calibrated 
to the nearest 0.025mm (0.001 v in) , and has the nozzle size 
been properly selected? 

Have all train components been 
properly cleaned as described V'" 
in ENTROPY 1 s QAPP in order to 
prevent contamination? 

Were openings capped after ' -
cleaning, with methylene / chloride rinsed foil, in order 
to prevent contamination 
before installation? 

Where the glass fiber filters 
/ for CDD/CDF testing checked 

for contamination prior to 
sampling train set up? 

Are the trains correctly set 
up and leak-checked to less / than 4% of the average 
sampling rate or 0.02 ft3/min, 
whichever is less? 

Is full-stack traversing being L/v 
conducted? 

Has a careful effort been made ' 

to assure that the nozzle and / pitot tube are located 
parallel to the stack wall? 



III. CDD/CDF SAMPLING TRAIN 
(continued) 

Response 
Yes No 

Questions Comments 

How has the sampling time been :c~ V...... jJ rC Vl-(/c...S :s-~7/ 
chosen to assure that the 
chance of "sample break- c:t ......... Y /f U ;f",-vlr-' ?~-~ S. 

through" in the XAD cartridge !' ~r r ,-.,.._ <;C'.-/c s h 5Ae>v-v 

is minimized? Jl~ J;r-ee.rk.. 1/A,-"~ J..,_ . 

Are the resin cartridge and 
/ condenser mounted vertically 

on top of the first impinger? 

Is the sample gas entering the 
resin cartridge cooled to less ~ 
than zo·c (68.F)? 

Are greaseless joints and 
seals used in the sampling v' 
train? 

Is isokinetic sampling v-· maintained within •10% and 
checked every five minutes? 

Is the sample site selection v 
an appropriate distance V- -
downstream from any flow 
disturbance? 

Are all impingers cooled in an / 
ice bath at all times? 

Do the equipment operators 
have access to test protocols 

./ and methods, are data sheets 
available, and is equipment in 
good repair? 



III. CDO/CDF SAMPLING TRAIN 
(continued) 

A. Sample Preparation, Storage, and Shipping 

Response 
Yes No 

Questions Comments 

Are all openings loosely 
.---· capped when the sampling train v is removed from the stack in 

order to prevent 
contamination? 

Is the clean-up area clean and /-
protected from the wind? 

Is methylene chloride used in 
sample recovery and do sample v recovery methods prevent 
contamination? 

Do any visible particles 
remain inside the probe after t.---" 

rinsing? 

Are sample containers labeled 
~ and sealed tight, and i s the 

liquid level marked? 

Is the XAD stored under 
refrigeration and is the XAD 

\/ container carefully capped and 
stored to prevent loss of 
sample? 

Are method and solvent blanks / 
also included for analysis? 

What percentage of the total c;o 17/o 
samples are blanks? 

How long are the samples 1-- I ec,s L \ ~ d~v 5 
stored before extraction and -
analysis? 



IV. SOLID SAMPLING AND ANALYSIS 

Resoonse 
Yes No 

Questions Comments 

Are Lime Slurry and Ash v v· 
samples obtained by ENTROPY? 

Is the ash sample a 
composite, and are composites 

~ mixed thoroughly and saved for 
analysis as described in 
ENTROPY 1 s QAPP? 

How are samples stored and Z r'" V'-' V'- Jo ~--r: 1-c 5 / -·r-1/\ 1/--< 

shipped in order to assure - - '-/ vt~ \-t:; ~ -.-t-",~o r y. 
preservation before being ,-

analyzed? .?7o"'F 

What is the holding time I(~' t 4Joly5 
before solid samples are 
extracted and analyzed? 

Are Ash and Lime Slurry /:._./ v 
samples labeled appropriately 
for analysis? 



V. METHOD 3 SAMPLING AND ANALYSIS 

Questions 

Is the rate meter capable of 
measuring flow to within 
s2% of the selected flow rate? 

Has a leak check been 
performed on the flexible gas 
collection bag prior to 
sampling using a water 
manometer and are the results 
recorded? 

Has a leak check been 
performed on the entire 
sampling train using a Hg 
manometer and are the results 
recorded? 

Is the sampling point within 
the duct chosen to be at 
the centroid of the cross 
section or at a point no 
closer to the walls than 
1.0 meter? 

!Has a leak check been 
performed on the orsat 
analyzer and are results 
recorded? 

Is sampling performed at a 
constant rate? 

Are sampling, analysis, and 
calculation procedures 
repeated until the dry 
molecular weights of any three 
grab samples differ from their 
mean by the following 
criteria? 

Response 
Yes No 

COz / 
~0.3% absolute (COz) 4%) v' 

or ~0.2~~ absolute (COz ~ 4%) ./ 

Oz 
~0.2% absolute (Oz i 15%) 

~~In 3~ ~h~olute (0? ( 15%) 

/ /. 

/ 

Comments 



V. METHOD 3 SAMPLING AND ANALYSIS 
(continued) 

Response 
Yes No 

Questions Comments 

What type of correction is v-· 
determined for CO in order 

fYl '-- !4r;). !0 *--· cc: 
that nitrogen can be 
determined by difference after 
analyzing for COz and Oz? 

Has calibration of the 
~ 

Av--bl~T 0 ~ r ~('""' 0-z.' 
sampling apparatus and the G, oc cf._ qvt~l<- rcSf(.'·'--"5<..--
orsat analyzer been checked 
within the last 3 months , ~o' ~ c:. <..A- k5 C, c. s (..-...._ 

prior to this field test? Y c ~ e ·""'-\-s . 
Are calibration record~ 
available for inspection ~c 

D 



VI. GENERAL 

Response 
Yes No 

Questions Comments 

Are a 11 samples properly 
~ labeled and is adequate 

sample custody performed? 

Do the sample labels include 
the time the sample was ~ collected and who collected 
it? 

Is there a designated sample 
~ custodian? 

Have QA Officers from ENTROPY 
.. / 

been on-site to inspect the 
operation? 

What precautions are being ye7 taken to ensure comparability 5 "\.-'\...-- L. c....s - ~ 

between the CDD/CDF data I v-._1(_ I, 

taken under OAQPS funding at 
the spray dryer inlet with 
COD/CDF data taken at the 
outlet to the control 
equipment? 




